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CHAP. Vir. 

Of algebra. 



SECT. L 

OF HOTATIOITf. 



Dffimtvms. 

I. Algebra if the art of rdoMog dHBcnlt queftioot 
more readily than by the rul^ oi eonbaioa arithmetic. 

In algebra, the value of cpiantities b ezpitfled by fixpt 
letters of the alphabet, which have Ibmetimet %iire9| and 
certain cbandert added to them, whereby their value ia 
iocreafedy or diminilhed; and each letter may reprefent any 
quantity at pleafure. But, generally, the firft letters in the 
alphabet^ tf, ^, Cfdjkc. are u(ed to fignify quantities, the 
value whereof is known ; and thr hitter letters, as <w, ^r,^, s» 
&c. are u(ed for quantities which are unknown : the letten 
are then managed according to the rules of the art. 

a. The ign 4- fignifies UMiim^ and in algebim it is called 
fhis\ it ikpotes that the charaAers or letters placed on eacfi 
fide of ii aqp 10 )c addfcd fpytber, (beh a^t %iifie9 that 

V9L. IL B the 
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to it; ts 6i; here 6 it the cocflicieii^ tnd figniiki that tbe 
quantity d m miiMpli^ thereby. 

*i« A ^himUd fmmKtri^ ctmWt% of two tefiM; u^+cm 
A friMArMfHni%, df three fcmif ; at ^^fl+c. AfMN 
dHmmMfmmUt^ offimrtvimti at «+#+<'+«& 

aa. ArefiJtisI fttoMtit^ it a binomial, where one cf Ae 
lermi li • tUgntilit ane; at it— ^. 

*3. A rdthksi pMtiff fcat no radical tffi* 

•4* A>iVfMUrfflyftthatwlwhhuiMKa ftot)|^ ^ 
at the %ila^ root of f (v'i), the biqtiaidr* roof tfW 

sj. Theflgb :::: figoiiSet fr^p^rriim; ars:to:n(o:Vd^ 
that it^ at 5 to t^ fo b 40 to 8b. 

%^ Ahi^iatof/MrittheooiiiparHaBoft^oqttntltietM^ 
ve e^uat to toe ahouieff harifig the ngn ordfjiulvjr Wtwelta 
them, at 5, 9=6, 8, which fignifiet that 5 and 9 b e^uri to 
IbandB, ori4. Of eqifKiont there akvfereriMbm: 

uAdffe$dimiefM4i^mh diat which maybe deduced frMn 
fotee oOMt-^-a. All mApen^nt tqmHmf, tbac wUdicaiMloC 
be dedtteed froAi aftdther.*^. A fwre rfMHtH^ thM Which 
contiriht bat one powi^r of the UttlttoWti ^aMMity^-^ An 
mfeiMffiMi$w^ that Whidi hat ftveni jMWmt of Ate «ki» 
knOWfi ^Qintity. 

^ntfoifif* 

I. If equal quantitiet be adM toeqtMl qtnuilfdai/ftie 
fiimt wilfbe eq\ia1« And if equal quantStlet be tliktii'firoin 
equal quantitiet, the remaundert will be ^lial. 

•• If CffalA qoantitiet be multij^Ned by equal quandtiet, the 
product will be equal. And if equal quantitiet be divided 
\j eqtal quantitiet, the quotiehtt will be* equal. 

3. If equal quantities be raifed to equal powert, the pro- 
duatWillbeeq^. 

4- Qs«mitiet equal to any dther qi^antity are equal to one 
another. 

(. The whole {» equal to all itt [iaitl tAWtd^ther. 

SECT. 



OirifltJtttM« 
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OF AtotnnoN. 

RvLE t. When like qnantities ll«vlnf.iilir=^ili are to be 
•dSfd tqgethcr, add tc|getb<r the cod6ctentf« (if there be 
•Off) -fled t9-theAifii-pnfti the. fi^ -aad fobjoia tbeoooi* 
non quantity. 

•• Wfaeo tbie quatttklfef vt^-iikcv-^t have unlike figns, 

'tajLe.tfaedtffiBcncebetween.theiiinipf the afirmativctcef- 

ficioitff .And iheifuoi of -theinegattve ones:; to which difir- 

cnce .prefix the igx of the i^ter fnaD, and annex the 

common quinthfb 

3* But when the quaotities are all unlike, they cannot be 
brought into one fum, hot nmfk '.be written down one after 
ai>otbei«.p6efiBing.to each ittrproper l^iaaiia the foUawing 
ezamplet: 



^mt to«'r-4«8»^ — 4ir*7 *-*-»«» 

^omi Sum. 35«*c+ tski^ Sum. — 52**7* — ia<i* Sum. 

When Ihere isno etefficierttprefixedto aqnantity, the 
co M Bckht b i. And- #tten there is no fign prefixed. The 
quantity if affirmative ; as in the quantiiiea.of the firft ^md 
fecond of the foregoing aaumplci • 

Exam^ 



OP ALCVBKjC. 
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Examples of like Quantities, and unlike Signs* 



Z7ii/ii(« Q^crn/i^i^j, and tm/iib Sigfi5. 



ji ■ ■ ■ ■- r . .f 

SUBTRACTION. 

Rqli. Pbce the qiiintities one nnder the other, and 
change til the fignt of the fubtrahend ; that it, where there 
U an affirmative fign, place a negative one ; and vice verfa. 
Then add the quantities together, as in addition* 

Exa,wples* 

From -fft«*i*-*^ From -* «l4-6«**^ 

Tal^ + mH^J^a Take +4«^— ar^^+jr*. 



•f «>l«— t^i/ 5--«4+6a' 



Subcra^ion, m well at each of the other four rules in alg^ 
-bra, b proved in the fame manner at tn coronxm arithmetic *. 



Bib. 



* Tbe fctfoo of this rule is cf idou lioai btnee* th«t if a decfOBcnt 
«r t ncpattve qiiaotitj be taken away from an affirmative quant ity^ the 
frmaio4ec wiU be tbe CAme as if an laciemcm 01 aaaffirmath-efiaantity 
of e^aal quancify be added to tbe original quantity. For every qeptive 
^oantity alwayi decrcafci the %-aIuc of any quantity with which it it 
JoioctL Tbntt if — h be taltcn from « — b thcto will remain 4, and if 
4 ^ be added Co «— ^. the fum is likcwUSe it* 

MULTI- 



«y mMb%£. 
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MULTIPUCATION- 

. RvLB» Multiply e^b term of the multiplier io^ everf 
^erm of the mulciplican.d : tb«t isi the coefficients into the 
jcoeflkieatf, and the letters i^to the letters ; and to eac]& 
prtGx its fign ; viz. *^to like figns, and i-«- tQ udI)\c figns^ 

Examples^ 
MuitipjT 2^* 



MultipljT ja 
By 3^ 



Multiply ^ic^d* 
By +7*^*^ 



froduA »itf* Produa i^d^c* Produft — 35f*/» 



■»■ ■ 






^Multiply a* 



^7 



+»F 



+i8tfOr— itrr 



+ SA»^»— »fl*3 + »C»^» 



Pro. + 84^0 — 8tfr— iifc P.— «5-J-fl»^+afl»*«— tff*— *tf^J+ac»i» 



The fbregcnng examples may be proved by diviiion, as in 
common arithmetic *• 



* This rule depends opon the fame principle as molciplipation in coai« 
mon arithmecic. And that two qQancit|es bavinj^ like fignv, fhoold sive 
^ produft with the iign-f-, and two quantities of unlike iigns the iign 
•*, may be proved from hence: viz. 1. If an affirmative quantity be 
innltiplied by an affirmative quantity, the produA muft of courfe be an 
affirmative quantity. — a. If a negative quantity be multiplied by an 
affirmative -one, the negative quantity muft be taken as often as there ar« 
pnics in the alBrmative one, and the fum of any number of negative 
quantities will be n^^itive. And if an affirmative quantity be multiplied 
|)y a negative one, the affirmative quantity muft be fubtra£led as often 
as there are units in the negative one; and the fum of any nimiber of 
pcgatives will be negative.— 3. Again, if a negative quantity be multi- 
jplied by a negative quantity, the multiplioand is to be fubtrafled, aa 
often as there arc unifs in the mi;ltiplier : but, to fubtraA a negative 
quantity is the lame thing as to add an equal affirmative one : therefore, 
|he produa will be affiimative. From hence the general rule, that like 
^gns produce 4> 1 and unlike 6gns — -• 

pivi. 
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DIVISION. 



ItuLi. If the quantities be flmpfe, divide the coefRcient 
€X the (Tindead, by the coefflcienc of the 4ivifor, and place 
the anfwer in the quotient ; annexing thereto thofe letters in 
the dividend* which are not found In the divifi>r : oUenring 
that like figns produce •f** md alike figns — • 

%* Eat if the quantities l>e conififtund, divide the flrft 
tarai df the dividend by the firft term of the di^ifcr, and 
place the refqlt in the quotient. Then multiply the whole 
dWifor thereby, and fubtraA the product from the dhrldeod, 
and to the remainder bring down the next term in the divi« 
drnd. And repeat the operation as in comnK>n arithmerie. 
But the terms in the dividemi fhould be ranged in a proper 
order, that is,ac£Qrding to the dimenfions of iome letter; the 
qnantkift rcpreiiented by« being generally plaficd firfl; thofe 
Ij I or «^ nexC| as follows : 

lExamples. 

o • 

I 



■*■« 



;;aB 



3** «e* 









+ 6«i-.a^ 




o 



Wbn 



OP AtOSBKAl 




When the^vifor will not ejf£tly divide the dividendj at 
is often the cafe, the dividend is to he placed over the divi- 
for, and a line drawn between thenif like a fradHon, ttirowiof 
out loch letters as are found in both the divilbr and dividend. 
Thiis, If oB+c^ was to be divided by t^—c*, it wouldfiaild 



thus, ^ , =. — J.. When the power df a quantity is to 



be divided by any other power of the fame qiiantity, it is 
done by fnbtrafting the exponent of the divifbt, fiioa thtt of 
the dividend: 

Thus, T^=**»i 



BBBBHM99BMae 



SECT. ni. 

bF FRACTIONAL QUANTITIES. 

Before the fhident proceed to equations, it is neceflary 
that he know how to manage fraftional quantities ; and 
to raife a quantity to any given power; and^ on the con* 
trary, to exrract the root of any quantity ; to manage furd 
quantities, &c. 

The rules for managing Algebraic Fractions areexa6lly the 
fame as thofe for Vulgar Fra6lions in arithmetic, and there- 
fore need not be repeated ; as few perfons would attempt 
Algebra, till they were fufficicntly (killed in common arith- 
metic. An. example or two may, however, be of fervice. 



* To prove the reaiba of this rule, that like (igns five -f , and unlike 
figns , it is only neceflary that the divifor be multiplifd by the ({tto- 
tient, and the product wiU be equal to the dividend. 

Vol. II. C Example 
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ElAMrLt X. Reduce the mixed quantity « Z^ toafric- 
tion. Here ■ ^| is the fradion required. 

ExAHf LI ft. Let die fniakm t-1-!, be reduced to a mixed 

quandtj. Here dividing U-^* bj /f ibe quantity will be 
ii and the remainder —4% and therefore the tnixed quantity 



wiUbe, 



ExAMPLX t. Reduce the ftaAiont JLS^ and X. to firac« 

h d f 

tiont of the iame Talue, haTing a common denominator* 



Ifwohi!iwn\ OTj to find any given Power of any given 

Quantity. 

&ULI. Multiply the quantity into itfelf as often at the 
index contains units, except one, and the lad produA will 
be the required power ; or, which u nu>re convenient, mul- 
tiply the index of the quantity by the index of the power. 

Thus, let it be required to ratfe the quantities i+c and 
to the third power, or the cube. 

^ -i-c Root 

^*+air+f*= Square 
£jhf 



S^^^e^^^c*z=: Cub& 
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b — c Root 
3— c 



— ^+c* 



^*— a^+ir*= Square 
ii^^l/ic^^^^^ Cube. 



Thefe quantities are raifed to the third power only ; but by 
the fame methoJ of proceediDg, quantities may be raifed to 
a&y higher power* 

If a trinomial^ or quadrinomial, &c. be required to be 
raifed to any power, it will be beft done by taking die firft 
or the lafi term of the quantity, and for all the other tennt 
fubfUtute any fingle term. Thefe two terms being railed 
to the required power, theanfwer will be obtained by repla- 
cing, inilead of the fubftituted term, the proper value. 

Thus, if it be required to raife 3--f+^ — rf'\'S ^^ ^ 
fourth power, for the terms I — c-^-d^^f^ fubflitute the term 
tf, then the quantity willbetfH-^, which being raifed to the 
fourth power, the quantity ^ nuiy be taken away^ and the 
proper value placed inftead thereof in the product, which 
the learner may prove at his leifure. 

In involving a fradtional quantity^ both the numerator and 
denominator muft be raifed to the required power, by which 
a new fra^ion will be obtained, being the anfwer of the 

queftiop. Thus, the third power — =— - • 



The Bif0mial Tbecremy invented by Sir Ifaac JTewt&n^ is 
the moft elegant and concife method of raifing a quantity to 
an^ power, and is as follows : let s denote any number at 

C % pleafure, 
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pletfure, and let 44*^ be a binomial, tben the byA power 
thereof will be as foliowi ; 

I. ft f. ft. 3 

!».»— !.»—*.«— 3 ^_ . «.« — 1.« ftJi 301 ^4. J, ^ 

4 -tf ^♦+ a. h^^Zcc. 

x.ft.3.4* x.ft.3.4«j 

And the nth power of tf— 1» is expreiXed in thefaaie 
manner, except that the iigns of every other term will be 
negative. 

To illuftrate this theorem, let « + ^ be involved to the 
third power. In this cafe, the index is 3, which muft be 
placed in the theorem bftead of «, then the firil term will 
be «% the iecond term 3tf3— *i=3«*^; the third term, 

3il|t-V=3«*», the fonrUi term H^llLa^-H^^h^: 
a ftX3 . , 

the fifth and following terms are equal to nothing.- There* 
fore thefe four terms together, or the third power of «+*^j is 

It may here be obferved that the coefficients increafe till 
the indices of the two letters m and i become equal or 
cbangic values ; then they return or decr^aie again in the 
iame order: thus, having the coefficients of half the termS| 
the reft are known. 



Evokdim\ «r, to exiraft the Xeoi of a given 

Power. 

Rule i. If the quantities be fimple, extrad the root of 
the coefficient for the new coefficient, and divide the index of 
the letters by the index of the power, and the quotient will 
be the root required. 

Thus,tbelquarerootofft55> will be 5(1=? ji, and the 

cube rcoc of ^jx^ =34: J =3jr. 

Rule 
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Rvi.t'^s.d^f the tfuaDtitief be cumpoiind, after ranging 

tmfiMxvgdmg to the dimeDfioni of fome letter, fo tkit 

^.the higbeft power of that letter may (bod drlk in order, and 

. tbt lower powers of the fame letter follow, according to the 

dimenfioBs of their power : take the root of the firft termt 

and place it ip the quocienty and if it be the fquare, or cube 

root, fubtrad the fquare, or cube thereof,, from the firft term^ 

Vb^'og down two, or three of the next temts for a dividend, 

' >- according as the cafe £haU be the fquare, or cube root; then 

'- i^ocjed to^trnd'tfae divifor as in extracting the fquare, or 

- 4:uhe rootptf 'Common arithmetic. And if the root of a higher 

• power be to be extra£ied, it is performed in the iaroemanpcr 

SIM iii.common afitbii»M& 

',:•:. Examples. 

■ •.* 
£xA]i|raE z« What is the fquare root of 

■ : . . ^4-io8;r^+8i 

• > ■ ■ 

■ 

Example ^. What is the fquare root of 9** + i6fl* +4^*--^ 

f^x^-i- ia^VrT-i6a*i*. Anfwer 3**— 4^*+!^*. 

• ■ . ■ 
. ExAMi^LE 3« What is the cube root of 

•f . • x^'^(ix^y'{-i2xy'^^y^{x — %y Root 



— 6t«^ + 1 ixy'*' — iy * 



Surd Quantities, 

When a quantity has not a perfeft root, it is called a furd 
quantity; and the root cannot be exprelTed any other way, 
than by either inferting the quantity with its proper radical 
%n, or throwing it iaU) an infinite feries. Thus, the fquare 

root 
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root of a^ can be exprciTed in no other way tba^jwf^f » or * 
m \ ; the cube root of ^ by ^b^ or 3} ; thid '<ifKrVof t of .. , 



•• • • . . - 



-C* 4- ■-• ji' ' . v* 



• » 



■ . t ... 

To reduce a rational Quantity to ike Form of a Surd* 

Rule* Multiply the index of the quantity ^y the index of ; 
Ihefurd, and orer the produft place fh$ radicK^fi^iv ftdil/it'> ; 
mill be the form required. Thus/fo 3 tMf^r^^d to'*thy||r>.i; 
foan of v^ 5. Here 3' x % or 3*=9f tberefel^L./9 » thify ^ 
furd required. : ••-?;• 

Agahi, let «* be reduced to the- fiiipg^f • a cube furd of tb^'. - 
form of v'/*. Here «» x, ' =i<* uii^^^^ .|b6 fu|A.i^[i)an.. v; 



•v 



r • • 



Rule. Divide the indicei of the ^uanflltet by the given ^• 
index, and the qiiotienti trill be the- tiew. indices of tfaofe . .- - 
quantities. Then over the faul quanwie^«hBr4hetr new IQ* - // 
dices place the given indrx^ and thejf,wiir'b<che*equi,viilent "\ 
values required. .«'..i-. " ■'. X . • • *' • 

Example. Let fa!>and 9}, be n^dced toT equal quantW .\ 
tics, having the common index jr -Hefe/i-i*^3i4=, thq 
hiJcx of the 6ril quantity, and'}T-j(^=ii=^» the index of the- 

fccond quantity, therefore, i^i)r and ^^ are tbe'quau*. 
titles ret^uircd. . 

« 

To reduce a Surd Quantity to its mofl/ifnpte Term$. " 

Rule. Divide the furd by the greatrft power which it' 
contains, and place the root of fuch power before the quotU 
eot with the radical figo between them* 

Thus, 
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Tbni, kt v^3ft be reduced to iti EDcyfi fimph terau. Hoc 
26 It the greateil fquare number that will divide 3s, which 
being divided by 16, the quotient is a, therefore, 4%/* ^ 
the furd required. 

Again the jnoft fiinple term of the furd ^bia^i m 



^0 fiid whether Surds are commenfwralley or woi. 

RvLB. Reduce die fords to the leaft common index ; and 
the quantities, if fractions to a common denominator, except 
when like terms are commenfuiable; then diride them by the 
grtateil common <fivifbr, or by fuch a diviibr as will give one 
rational quotient, and if both the quotients are rational, the 
Turds are comroenfurable; otherwife^ not. 

Example. Let ^%j and v^ia be given to find whether 
tficy are commenfiirable, tbefe two furds have already one 
comnkon index, and are equal to ^^3 x 9, and \/ 3 X 4, re- 
fyc&vft\y. Therefore, divide 17 and 12 by 3, and the quo- 
tients are V9 and ^^4, that is, 3 and % ; therefore, they are 
commenfurable* 



Tx> add, orfuhtraSi Surd Quantities. 

Rule. If the qu^tities have unlike indices, reduce them 
to quantities with like indices ; and fradtional quantities muft 
be reduced to a common denominator, or to other fractions 
that have rational denominators or numerators ; then reduce 
the quantities to their fimplefl terms, and if the furd part be 
the fame, in all, annex it to the fum or difference with the 
fign X ; but if the furd part is not the fame in all, the quan* 
tities muft be added or fubtrafled by joining them together 
with the fign + or «— . 

Example 
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EzAMPLB t. Let v^3t^7s be added together. Hercv^s^ 
e:^i6xs=:4v^ft; aild ^/7»=V'36x«=6^«,aDd thcfiun 

Example s. Let v^4tfy and 4^0^ be added tog^r. 

Hcrev^4ii=Vi6a*= a;yii«. And i i/a^=zil7^^*=^m1/M'^ 

Therefore, their Aim =fl+»x 4/a^=^a + 2 x ^v/tf . If it were 
required to have fubtraded y/^ from i/a^^ the remun- 

der would have been a^% X -/«. Alio if ^m^-^^m » + v'^f 
be added to %^a^+y/a — ^3, the fum will be Z^t^^^ 

To multiply and divide Surds* 

Kt7LE. Reduce the furds to the fame index; and the pro* 
du£t or quotient of the rational quantities being annexed to 
the product or quotient of the furds^ will give the produ£k or 
quotient required. 

Example i. Multiply i^/a by 3 ^3, thefe furds have the 

lame index already, therefore, 7X3X v'aX3=c6^/6, thn% 
6^6 is the produd required. 
Example t. Multiply #| by *J. Here a^z^^^^^oi 

llzT^i]^^ therefore, their produd is i^J^yV 

Example 3. Let a-J be divided by *|+^t» ^^'« " ^^c 



lame as if the dividend xi was multiplied by xj+>i; thcre« 



fore, the quotient — rr — 



Involution or Evolution of Surd Quantities. 

Rule. Ifthe furd be a Gmple quantity, multiply the in<* 
dex of the quantity by the index of the power, to which the 
furd it to be involved ; or by the fradion, expreSing the root 
to which it if to be evolved] and if there is a rational part, its 
proi«r puwer or root is to be prefixed thereto. 

I Compound 
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Compound furds are inyolvcd and extrafted as integers or 
rational quantities, having regard to the operation of fimple 
furds. 

Example i. Wfait b die fijuartof a^x} Here the 
/qnareoftf=Af=:a* and ^jr=jr; therefore the fquare of 

EzAMFLB %. What is the cube of « >/jri ? Here die cu|ie 
of «=«^ and diecnbeof V^f= V*s, tbeiie&» the cube 
of#V'J4=«V«'^ 

ExAMPLi 3. Whatu the cube ifei of *+*)T? Htaa 
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SfiCT. IV. 



OF EaUATI0N8« 

An Equation is the mutual compaiing of two equal qu^« 
tides, htTiog dit fign s between them. Thus, if be 
0fai to s, and I to 6, and ^ to 4, and j/ to X 3, dien, m added 
to ^wifl be equal toil made kis by r; and is dius esprefled 

in alg^tai «+^ssi^*«^» 
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Tp reduce an Bquaiknu 

When a quepioo is brought to an Eqnaliooy ia order to 
vnderfbind the value thereof, the omntity or qoaotitm 
feog^t muft be placed on one fide of the equation, and the 
known quantities on the other fide. For tbb purpofe, the 
lolKming rules muft^ attended to ;«— 

Firil. When any quantity is exprefliKl on both fides of the 
equation, it may be entirely rejeded, or thrown out of both. 
Thus, if 3^4* 7#=4^-»a^ 4> jm. Here yx ihoold be rejeded 
from both fides of the equation, then it will (land thus. 

Second. When known and unknown quantities are both on 
die iiune fide of the equation, the known quantities muft hp 
brought to one fide of the equation, and the unknown quan* 
tities to the other fide, and thole quantities fi> traufpofiecl 
mu(l have their figoi changed. That is, thofe which hare 
the fign +, muft, after they are tranfpoled to the other fide, 
baye the fign — • And thofe which have the — > muft, 
after tranfpofition, have the +• Thus, if io+jsjc— 5: 
here if jr be the quantity Ibught, —5 muft be truifpoTed to 
the other fide of the equation with the fign -f ; it will then 
flaodthus, +{4-10+ 5=jr; therefpre jtsso. AffitbiRrhat 
h the value pf jr in this cquatkm ? a4— 4jr+io=:6o— ie#r. 
Here +a4and + 10 00 the firft fide of the equation muft 
be tnmsferred to the other fide, and + lajr in the fismid 
^6c of the equation being trans(erred to the firft fide^ 
it will ftand thus, — ^'\' ia4r=.69-Hi4— 10. And by fub» 
iraAing ^ from itx; and a4 and 10 from 60| theeqyutioQ 
will be 8jr=s6 : therefore 4r=3|. 

Third. 
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Third* If there- be firaAioos b the equatioii, multipty 
both fides of the equation by the denominators of the fiiic- 
tions ; and the produd will be the true integral quantitki* 

ExAMPLi I. Reduce the fimftion&l cquadon «+— =^ to 

integral quantities. Herc^ by multiplying the whole by x^ 
we flail hare sx+l^=,ex. 

Again, If there be given + i-=:c, then will ^x\ V- 

S-^X X 



sTx\^CM+x X X, 

Fourtii. If b the unknown quantiqr there be a furdi all 
the ether teran muft be tranfpofed to the oootrary fidq and 
each fide of the equation tnvolTed nooording to the index of 
tbefurd; andif diere be more fnsdi than ime» thoopen- 
tion muft be as often repeated as there are fiird qnanCUes. 

Thus, if Vx^+ax+d^Cf by tranfpofing d, the eqoatioa 



will be ^x^+axsic-^, and by fquarmg both fides^ the 
equation is ;r^-f-«x=^^— ^^Z-f-^t thus the equator is freed 

finxn thefurd« 

Fifth. When any quantity is multiplied bto both fides of 
the equation, or bto the higheft term of the unknown quan* 
tity, divide the whole equation thereby. Thus, the equa- 
tion ^^j^sz^hc is divided by 3, and it becomes Sx^sa^c ; ag»b 

if U were divided by 5 it would be ^s^. 

Sixth. When the fide of the equation containing the un- 
known quantity u a pure power, or when being afTeded it 
has a rational root, extrad the root from both fides of the 
equation. Thus in the equation a^szb*+axf the equation 

will be tf=^J*T«r- Agab, if ;r*+4*+9=aS^ ^ ff^'^ 
by taking the fquare root we have x-i-ix'^^^^c. 

Each or all of the foregoing rules are to be ufed as may 

be oeccflary, till the equation be brought to a proper form. 

D 2 Examples, 
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Examples, wherem the foregoing Rules appear. 
SJUiifU I* Wbac is the nine of jr, ia te fmuli— 



By fubtrading lo from etch Me of the eqintiooi we haifc 
2 =6, both fides of which diTided bjr 6, the qtiotient 

ii — = — =siy this multiptied by ii— «, gives 6:si»-nry 
wbiTt by MufyofiBg « and 6» wo hiiro jmis-^ or 



EiAMPU <• What is the talno of x i» iho 

=4ur + ^. Here multiplying by « -f a^ tbeiv eomct 



^JK» which traofpofed sod ordered armrding to tbo foKgoiog 
Tolcs, is #^+Mrz:— #^-|-«% wbereferoy •»=— — -rrs* 

fe that if 4r=rt, ^=«, r— j, then wiBjrs^^^^I^^iSzrf. 
ExkMfhE 3* What is the Tahe of x to the eqiHttioa 



V^n^-fx^i^iK-f'^. Boih fides of ilis eqmtioa being 
faiUt^thofoorth power, we have «^+t«*^4-^x:^-i^^f 
which bjr tranipofitioo, && becomes awV:r^<«-«^, which 



divided by 2a\ becomes x^zz- — p-, therefore *="~i — if- 

£xAMfLi4. What is the value of 4r in the fet h nr ing 
equation ; *= v?-M^/F+**--f . In this equation j: + c:^ 
Vc*-|-jr^^+jr*, which fquared gives **+arx+f*=r+ 
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ieV^i»-h«*» or «^-HM»s:jrV^4.4*; divkling thn fajr 4^ it 



qiioietjr+SfsV<^*-f jr^ this iquaied gnret x'-^^ex'^^rs 
i^i-j^f and b]r Uamfpofiticm it beco m es icxss^^^^^l 

and dividiag fay 4r we have 4rs ^--« 



To exterwinate an unknoum Quantity out qffeveral 
Equations ; or, to reduce two or mare Equations to 
a Jingle onem 

Rqls« If the quantiQr to be eztenninatcd, has bot oie 
dim<eDfioo 10 the eqntios, find the falue of k to two equa^ 
tioosy aod put thoie values equal to each other ; or having 
fcnod tfie vine ip oee e quati on ^ fiiMKttite it in die room of 
tbt quantity ia the other equations. Proceed in the ftmc 
manner with every unknown quantity. But if the quantity 
to be exterminated be of feveral dimenfions,. find the value 
ofitslngbeftpoiferin two equations. Then If the coeffi- 
cients are not the fame, multiply the lefs quantity, fo that it 
may become equal to the greater. Put thefe values equal to 
each other, and there will ariie a new equation, with a lefi 
powerofthe unknown quantities: and the operadon muft 
be repeated tiir th« quantity be extemninated. 



Examples. 

E3UkU9U% X. What ia the value of x and j in theft two 
equations, 7* — £y=a8 and 3Jr+4>=SS? ^>* tranfpofmg 18 in 
he firft equation, and 5/, we have 7;^—. 28=:5>', therefore 

die value of y is i . 



i 



In 
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In the fecoDd equation by proceeding in the faitie Hun* 
Dtr, viz. : — By tnmfpoftng ye^ the value of ^ it found to 

be "'~^ . '^; therefore, thefe two qoaotitfef bdog put equal 
4 

to each other, we have the equation y''^-^*9^_S5— 3-* jj^ 

5 4 

^8 equation only x is concerned. Multiply this equation by 

to, which is the production of 4 and 5 ; or, which it the fiiaie 

thing, nuiltiply the numerators and the denominators crofi 

ways, aod there will arife the equation %2x — i iftz=s75 — i JJtf 

which by tranfpofition becomes 434^=1387, or «=:^^-^ 

43 
therefore, x:=<) ; therefore, 9 being fubftituted in either of 

the given equations inftead of ;r, the value of y will be found. 

Thus, in the firft equation if 9 be fubftituted for jr, it will 



be 63— sy=»8, which tranfpoied is ? - s ^, or ys^* 

ExAMPLB t. Required the value of «, j^, and %^'yatbt three 
following qneftions : 

jr+ioo=*y+s} jr+ ioo=:»x+a«; «+ 100=3* +3^^ ^V 
tranfpofmg too in the firft equation, x:ry4-s — 100 arifot, 
which value fubftituted in the other two equationsp ioftcad 
of .r, we have the two following :— - 

jr-htoo (=sy+ft«--Aoo+i«)=sy+4»— too 

s+ioo (=3r+3«— 30o+3r)=^+3«*— 30^ *« ^ 
tranfpofing y and 4« — aoo, in the firft of thefe two equatiooa 
we have 300— -4«:=y, wliich fubftituted for the jr in the laft 
equation, is »+ ioo=:i8oo— ais+ss — 300, that is s+ 100 

zz I joo— a IS ; wherefore ais= 1400, or x=: JiSz ^$^ ^. 
therefore, jr=300—4«=:45Vn »nd Jf=5'+*— «oo=9it* 



0/ 






Of the Naiure wad Compqfiihn of Equations^ 
taming Afferent DimenfiQus of the fame unkfKmm 
QutoUity. 

It often happeo8 that the unknown quantity will be «f 
feverai different dimenfions, then fuch equation is called a 
qnadiaticy a tubic, a biquadratic equation, &c. according aa 
the dimenfion of the bigheft power is a iE^uare, cube» or b}- 
quadrate: in fuch equations we muft difcover the root 9 
lvalue of the unknown quantitiet. 

All equations are derived, (or may be .confidered fo^) frooi 
' tbofeof aonorefimpleforai. Thus, if 4;*— ^^ro, which if 
a (impte equation, be rai/ed to the fecond power, there ariiet 
«'— s^«f ^=0, which it called a quadratic equation ; if the 
former equation be raiicd to the third power, we have jf '-*- 
3&x*-f-33'x — ^'=0| which is called a cubic equation, andib 
on. It is but feldom that equations occur in this regular 
form, for the coefficients of the terms will generally be more 
or left thai]i thofe produced by the involution of one quantity, 
as X — hf and therefore^ a quadratic equation is a compound 



one, generally derived from x—h x x-^c. A cubic equation 
is derived from x — ^ X x — c x x — «/• A biquadratic equation 



^om X — h X X — c x X — ^ X x—if or from a quadratic fquared, 
Arc. But^ the letters 3, ^, 1/, &c. may have either affirmative 
«r negative fign^ 

In equations of this nature, as the whole is equal to no- 
^ing, it is obvious that ibme or other of the fadjtors muft be 
equal to nothing. It is alfo evident that any fuch equation 
' may be divided by its favors, till there remain only one £k- 
tor ; and as each of the inferior equations obtained by fuch 
divifion, mnft fiill be equal tQ nothing, it muft follow that 
each of thefe factors themielves are equal to nothing ; there<- 
fore, ^, ^ Jf /, &c. exhibit fo many different values of « 
^th contrary figns ; therefore every equation has as many 
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roots as there are dimenGoos of the unknown quantity in ita 
bi^heft poorer. And vhere ^ ^, d^ t^ Zcz* are fouod nega* 
live, 4: is afHi mative ; and where anj of tbefe are affirmative^ 
;ir is negative. By niultiplying the fiiAors or roots together, 
under different figns, it is obfcrvable that when b^ r, i^'&c. 
are all negative» or, which is the bxat thingi when aU tha 
values of 4r are affinnaiivet the figoa in the equation ara 4*, 
and — alternately* But when there is a negative roof^ one 
affirmative quantity will follow another; therefore, there 
will be as many affirmative roou in th^ equation u there are 
changes of the figns from -f to — , and from — • Co -f t and 
all the reft will be iiegattve. 

What is here delivered, concerns only poflible rooCik An 
impoffibie root is when 3, r, ^ te. denote the (quare or any 
other even root of a negative quantity t an equation de» 
rived from fuch roots b an impoffibie or imaginary one : if 
there be one poffible root, the equation will admit of one pot 
fible anfwer. 

In the multiplication of the roots of fuch equatwuif the 
coefficient of theiecond term is the fum of all the rooM with 
contrary 6net; the coefficient in the third term is equal to 
the fum of the re£hn|£les of dioie roots ; or, of all the pro- 
du£ts that can poffiby artfe by combining them two and two ; 
the coefficient of the fourth term ii equal to the fum of all 
the piodndb that can.poffibly arife by the combinatioo of 
them three and three. Sec and the laft term is filwtyi equal to 
the produd of all the roots with contrary figni. 

The Refolution of Quadratic Equations. 

If it he a pure quadratic, as **X5^, or **^*»=#^itis pro- 
doced from the redangle of 4^--^ and jr+ 3, and therefore hat 

one affirmative, and one negative root, and the affirmative 
root is equal in number to the negative. The root in this 
cafe^ia fcaiud bf txap&iogitieiiffMxttoot ot the number 
dentcdby^^ Thtts,if^J-=$76,ihenjf=i+v'S76=+a4. 

AU 



^:;:r^— "^'-r'^^"*— r: T^^^7r::iT:r:rT T> ^ 

All odicr quadratics are compreheoded under ilime of the 
fellowiogformf : viZ,x*'^2&x= + J=o; CT^x^-^%hx^dsi§i 

or, ft&rM^*+4/s«{ and this laft form, by tranfpofitioiip 
becomet the lame as the iecond form, only the negative roots 
■re changicd iato afirmative roots, aod the affirmathre into 
negative ; therefore we may coofider the nvo other forms as 
fpplkable to all cafes, aod in the folution of them it wfll be 
more commodious to tranfpofe ^ and then they will ftand 
thus ; *» + thx si ^-i/ and x^-^^h x^J. Now if to each of theft 

equations be added h^ (the fquare oi half the coefficient of the 
fecond term) we (ball have in the former cafe x* + a&v+l^ s 
4-i/+**f and in the latter cafe **— -a^* +**= -f i/+f*, and by 

extrading the fquare roots, the equations become jr+iae 



^/-f i/+i* aod jr— *=r ^^^h^ refpeftively 5 aod 4r in the 

/bmierdde ss v^^H^^^^^-^nuliotlie tatter aiV+^+^+i 

which exprelBons give the affirmative values of x: but the 
fquare roots ofcbe above equations may aUbte— «— 4atB-^ V^ 

+Xf^and--yr-h*sx— - ;7T5?i?rcfpeaivdyj and t h e r e f o r e 

In the former cafe *=« — v^+^+^*+^f and in the latter 



«=— -Z+^fT*-^. That is, if ^^v^ +//+*», wheiv d is 

4- or — I according asitb + or — inthe fecond fide of the 
given equation ; then in the firit cafe, wtov ;r* -fates +if 

the values of -fx are 4-^-f ^» where i is -^ or -f accordii^ 

as AT is affirmative or negative; and in the fec ond cafe^- where 
AT*— -i^;r= 4*^ the values of J^jt are 4;' jh^ wbcre < is + 

or — ^ as jr is -f or — % 

£xAM?Li X. Whacave^ two values of « in this cqioatioOi 
ji*4>6»:2aa9S } VisaBtimi,m6t9m^^^l, tod ^^fi^ 



Mi^ 
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^— ^+^*=\/ — a8-f3o. »$=:-/» . a5=si . 5=^; and 
Hh^Hh3= + 1 . 5 + 5 • $= + 7, and +4 the two vdueiof x^ 
which are here both affirmative. 

To increafe or dlminijh the Roots of Eqwitions. 

Rule. Subftitute a new letter for the unknown quantity ; 

the given increment, or + the given decrement ; and fub* 

ftitute the powers thereof in the equation^ infiead of the un« 

known letter- 
Ex ample. Increafe the root^ of the following equation by 

% .*'+**— iojr+ 8=0. Let *+«=», or »— mssj:, then 

*'=«—«' **=»— t)* and— loursi— loxx— ass— los + io 
then the powers of x being aftually involved, and the fe- 
deral terms coIlcAed, we have *' +jr* — lor+Ss^s' — 5x*— 
fts-f 94=0, where the roots of x are greater than thofe of * 
by a. 

Thus all the negative roots of an eq u a ti on may be made 
affinnative, by increafing them with a proper quantity. 

To complete a deficient Equation. 

RtTLE. Increafe or dimini(h the roots of the equation, by 
Ibme given quantityi as (hewn in the Ufi example. 

To multiply or divide the Roots t^any Equation^ ly a 

given Qutnttity. 

Rvti. Multiply or divide any new letter by the given 
number ; and fubftitute its powers in the equation for the 
unknown quantity. 

Example. Divide the rootsoftheequationj>^-^.t.-f v^jsso 
by ii/3. ' Here by putting xs^v^St and iubAitutin^ it for jt, 
we have 3y'\/3 — Vv^3+V^3=^^ which, by dividing by 
^^3* ^' 3>'«*av+ 1=0 for the equation required. . 

By this rulr, fradions and furds may be taken out of an 

cqiiaiioo^ via. by dividing thc^ncw letter by the. common 

X dcao« 
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deaominator ; or by mulciplyiog the new letter by the furd 
quantity. • 

To take away any Term out of an Equat^m, 

R0t>. Xdd «> unknown qnaath, to . new letter, and 
fabftitnte thit fum and the pcmen diereof, for the root in the 
^hren eqmtioa ; then any term, or any of tfaoie quantities 
wherein the new letter is of the fame power, beii^ put into 
an equation, and made equal to nothing, will give the value 
of the unknown quantity, which Wing put into the equation 
with the new letter, the power of the new letter, which waa 
equated, willTanifhi 

Example. 
Soppofe «♦ — yc^ +3** — 5* — t=o 

Putjf+rssjf then x^^y^+^f^e+fy*e*+J^e^ +/4 

If the feccnd term it to be taken away, we have 4y '^^ji;' 
=o; and dividing byy',4^— 3=0, or,f=:|, which fubftituted 
for €f the fecond term will vaniih. If the third term it to 
be Uken away^ we havc6y*#*»-q)rV+3J^=Of and dividing 
by the y, wc have 6*^—9^+3=0, from which quadratic 
equation e may be determined. In like manner the fourth 
term may be taken away by folving the cubic equation : and 
the fifth term by folving a biquadratic equation, &c. 

To refolve or extra£t the Root of a cubic Equation. 

Rule. Take the focond term of the equation away, as 
Uught in the 1^ ezam|de ; then the equation will be in this 
form, jr'-fwcsi, andthe following general cxpreflton will 
g^ve the value of x* 




There are feveral other particular roles for the foliitio9 of 
biquadratic and other higher equations ; hut the method of 
approximating the roots of equationit bat fuperfcdcd til Ihc 
other methods, on account of its difpatcb. 



To apprtmrnate the Roots of Equatms^ in generoi. 

Rule. By feveral trials, choofe foroe number to rrprefent 
the unknown quantity, and (hcfa a number that approaches 
pretty near to the true value. Then aiTumc Ibcne letter, as 
<r, to denote the defcA or axcefs of the number fe founds 
and put that number + v — ^ ipfiestfl of th« unknown 
quantity in the equation; by which n new equation will 
ariie affected with v only, and known quantities; wherein all 
the terms that contain two or more dimenfions of v may be 
rcje£led arinconfiderable in refped to the reft. This being 
done, the value of w will be found by a fimple equ«tioo» 
which, added to or fabtraded from the faid number, ac* 
cording as it was taken, tpo little or too bi^ will give t 
number ftill nearer the truth. Then with this number and 
the letter <f, proceed as before to find another value of <% 
which muft be applied as above ; repeat the operation tilt 
the unknown quantity be difcovered to a fufliciem degree of 
exa^eft. 

HxAMPLC. Let it be required to find the value of «i in 
this tqaatkui, 4r'4-24jrs=5878i4. Here by a fcwtriala i| 
will be found that v is iVvuething above 80 ; wherefore^ lef 
8o-{-trr=jr; then, j:' =: ^ taooo+ 1920009-f i68ov+w',an4 
S4J = 1920+ ^\v. Tr.eret'ore (rrjcAIng thof( temii aficdedi 

with 
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ivithv* and 9^) we bave ^i^^-^ t^^Aioss fij^t^,, sad 

v= j8Z2I±liI39« _2322i=3 . 8 : Ibis, added to «ok 
i9as4 199*4 

gives 83 • 8 for the appniximace value of m ; this being fob* 

fiitutcd ia the eqiatioo, it will be fouad too great ; therefece^ 

for another operatioatake 83,8— ^s;r, and ;r'=58848o^7s 

—-a 1067.399, and t44'=aoii.a — 249, and confequendjr 

59049x.67»-^xc9i.3Mr= 587914, and «p = ^^^^^^* g» 

Ciaia nearly. Hence jr=r83.8--o.f299.=s83.6778. true to 
five figures, and the fixth being too much by ooly two. 

If the operation be repeated, it will give the anfwer true to 
eleven figures. But vchen five or fix figures of riieitec hare 
Leen obtained, and more eaaftaefi is ftill lequired, it will 
ihorten the work to feek a coriediioxi for «% inftead of one 
ifor the whole root, which may be had by fubftitutiog the hft 
value of v-h or — (new) v, infiead of the laft' w in the 
equation, including all the powers of the laft v, but rejed« 
ing thofe of the new v, (in the equation, thence arifingi) as 
bejOTc. 

Thua» ia the laft eicample,. the whole equation, iodiiding 
the terms afe^d with v^ andi^^ is 513990+ I9as4vi* 
i68or*-f v*=5879i4, or 19924^+ i68ov*-fv'== 73994, 
pod in this eqaatioa putting 3 • 8-*-»4r, inftead of v, and rD» 
jeding the terms of cf* and »v^ as before ; a corredion will be 
obtained for the laft foijnd •v* which will give the anfwer ai 
above. In like manner, a fecond or third correction n^y 
be found, and the operatioor carried on to any degree al 
cjafiaefiu This rule doubles the number of figures, true 
in the root at each operation. If the term wherein n^ ia 
Ibuod to be retained, v will be had by folving a quadratiqi 
and then treble the nuniber of figures will be bad each time ; 
therefore^ if the firft figure only be taken true, nine or tea 
figincs will be had at two operations. This rule ajbrda 
Tjtfioua thcarfgia foe ibhring particular equaticfos.as well as 

general 
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I^ncral fbnnulat adapted to all, of which 1 ihall ^ve two 
czaiBplet : 

Example X. jr^-f 6jr=6i49J=r. Here» by trial, it will 
befovndthat x it above soo; therefore, let 2oo=:r, then 
— ^=sr— iftoo and c — r^—- ^sao295« The divifion is u 
follows : 

The Operation. 

sr+^s4o6 • ( — 4j=245=4r> 

'PSS40 \tot95(45=sv, and r+ v — ssoo 

sr^-^4.vs446 / 
«r (new) +^=486\ i^f;^ • 

fr+*4j^=49i ' 

ExAMFLB t. Again, for a cubic equation, let jr>+i 
jr*+#6r=f. fut rjf v=*», fo will *5=r5 + 3r*w+ +3rr* + 

T^'; ijr's^4;^^a3rv+kr*, and /r=^;f Ar. Hence H-fAr^ 

+3H+air+i/xv+3r+^xv*+^=^. (<^* being RJeAcd, 
is firnaH in compariibn of the reft,) and by tranfpofitioa 
+ 3r*-|-f^-|-4/xv+3r-hixv*=r— r*— 4r*— J^; andcrs-f 

which it wrought after Che Cunt 



rT» 



manner as the lafi example* 

To Jind the Umits f^ EquaikmSf 

When an equation contains fcveral unknown quantities it 
will admit of an infinite number of folntions, when b6th frac« 
tional and negative numbers are adipictcd ; for all of them 
but one may be taken at pleafure, and their value fubfii- 
tilted in the equation, which quantity will be determined. 
Bite fometunes both fradional and negative quantities will be 
excluded from an equation, and fuch equation will be con* 
lined to a determinate number of folutions. I (hall, there* 

lore. 
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fan* t&fft tbe limiti of Tucb eqaaiiooi ia the feUowicig 
■afei: 



tfienjeveral unlmottm Quantities are in one EquMtmt ; 
tojind the Limits. 

ROLi. TnofpoTe ill the negative quaotitici to tbe con* 
miyfide, thit ill ibe tcrmi may be ■Artnuive ; then 10 
find die liiniu of any one quantity, topfoft a\( tbe reft t» 
Tinifb in the equation, then the value of that ooc will be- 
come determinate, and will be ooe Unit tbemf. And to 
know which limit it if, fnppofe the other qmatiiia to in* 
crcafe, and become of Ibme certaio nine t then if the valM 
of tbe unknown quantity under coa6dentioD, incrcaie, it i| 
die leaft limit ; but if it decreafe, it it the greatefi. 

When fn^lioaal quantities are to be eicloded, inflead of 
fiqipofing the other quantittei to vanifli, put each of them 
Ki, and an equation will arife, from which the timita of 
the remainiiig quantity will be found as before. Proceed in 
tbe fame manocT to find the limita of tbe other uaktKnrn 
^antitiet. 

ExAMPLt. Wbat are die limits of « ai>d j, in the eqtntion 
4r+5]'=67. Let ?=• or be fuppofed to vanifh, and then 
4r=67, and x= 16}. Now let 7 be fuppofed to be equal 
to fixDC quantity; then it is evident, that as ^ iocreafes, x 
decrcabs, tbeielare i6|ii the gteater limit; wbercTore ;r is 
Idstbani6|. 

If x=« then ^^7=67 and ^+i3t- Now if « be fuj^fed 
to iitcreafe, / will decreafe ; and therefore 1 3^ is the greater 
limit of jr; whence^ lakft than 134 : ""A tbtleft limit of 
bothx aBd^il#. 
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CASE II. 

To determine the Limits of three or more unknown 
Quantities^ when they are in two Equations. 

Rule. Fix upon a quantity to be limited, and expunge 
€Mie of the other quantities ; then there will be had one 
limiting equation. Do the fame with another unknowo 
^imitity» and there will be had another limiting equation; 
Irmd each of which equatioaa find a limit for the quantity 
fixed CHU 

ExAMPLK. What it the limit of jr in the two fblloiring 
equations? «-hjf+«=S^» and 3ajr+aof-f 16^=1x31. To 
exterminate j^ multiply the firft equation by xo^ and there 
lMiibxox+so)r-f 2os=:iixo, fttbtra6^ this from thefeeood 
equation, and we have ixjr-^4jBssixs, then exchidlng the 
fraftionsy the left limit of x in this equation it 9}. 

Again, to exterminate z, multiply the firft equation by 16^ 
and fidxraA the produA from the fecond equation, and there 
lesnaifis i6ur-F4^s:336. And the greater limit <if x in tim 
equation is xo|. Heode ar b greater than 9I, and lefs than 
xc|. In the fame manner may j and % be limited 1 and Si 
aUb in aiiy other equation. 

Of indeterminate Problems. 

Ejlaicplx. What is.the kaft integer fix the Talne of j^ 
that will alfo caufe the value of the fdlowing fniAioa tQ be 

an wicgtrt --> 



EoLA. Divide the denominator (r) by the eoeCoent (#) 
of the tfidelerminate quantity ; then divide the divifbr by ^ 
remainder, and the laft divilbr again by the laft remaioder« 
and continue this operation till an unit only remaioL. Wrke 
Aurn all the quotients in a line* u they rife, under ibe firft 

quotient^ 
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itQodent write all initi aod under the fecond qioticnt write 

the fir§ quocieat ; then multiply thefe two together i to the 

piqiu&j^dd tfie fifft terin of the bwer linc^ or an umt, and 

pbce the (urn under the third tenfi of the upper line ; mul* 

lipljr IP Kkfi niinntf thr next tWQ cxxrefponding terms of thp 

two lines togfther, and add the (Seoond term of the lower 

Ibe to the produft ; pnt down the fiim under the fourth twin 

of the upper line ; proceed in the lame manner till jrou have 

QMbiplied hf cveiy mutober in ^^ upper line. Then mul- 

^ply the hft number, thus found by the abiblnte number 

(5)9 in the numerator of the fra^ion, and divide the product 

by the denominator; then the remainder will be the true 

Talue of X required, provided the number of terms in the 

upper tine be even, and the fign of 3 be negative; or that 

the number be odd, and the fign of i idirmative : but if the 

number of terms be Hvi, and the fign of i affirmathre^ or 

w/^«vrf/f, then the difference between the faid remainder 

and the denominator of the fradion will be the true anfwer. 



Operation^ 



The given fraAion 

71)89(1 

«8)7i(3 
172x8(1 

I 



*4r+^^7X*+io 



1. 1.4.5 , 

10=^ 



89 
Total quotients 



$0 Prodttft. 



Here, if the produA 50 be divided by 89, the remainder 
is 50= tiie leaft value of jr. 

In this rule it is always fuppofed, that m is lefs than c\ and 
that they are prime to each other ; for if they were to admit 
«f AfiommoD iiieafure» whereb]^ b is not divifible, no integtf 
could be a%ned for x^ fo as to give the value of the 6iftiQa 

V0L« IL F EXAMPLS 
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- ^ £x4HPLB 2. What it the leafl: vilue of jr aod y in wholt 
numben, io the cquadon ft44r— 137=116 ? Here by tnnf* 

poGog ij/, and dividiog b]rft4f we have x=:^^ • and hj 



tranfpofing —137+16, we have y=-^- ; therefore 

the Icaik value of jfsS, and the leaft value of jr^rj* 

To find the Value of a PraSthn in an mfmite Series. 

Rule. Divide the numerator by the denominatory and 
continue the operation u far as is necei&ry. For in many 
cafes, after the quotient is continued to a few terms, it may 
be feen how the terms converge, and thus any number of 
terms ouy be affigoed at pkafure. 

EzAMPLi u What is the value of *--— . 

i+jr* 



X^ 






*• 



r*+.v 



!• 



.10 



If a quantity, whicfa it not a fraAion, is to be thrown into 
an infinite feries, it mud be bioiight into a fraAioo, by 
placing one underneath ic, as the denooMnator. 

After a few terms are found in {he feries, the hw by which 
it converges will foon be difcovercd, and the sermt mty bt 
cootiooed to any number. 

Sometimes the (eriet cannot eafily be difcovered by lealbo 
of the coeffideno ; then it will be neceilSny to i^me a 

ferict 



w , I gg:r 

ferie8irithmkDowpcocgdqn»to.re|»tfentit; wUcbbdBf 
mnliiplied or involTcd at the qneftioo rcqaifti, aad tbti 
quutitiet of the fime tfinieiifioD bemg pot cqami to cac^ 
ocber, new eqiatiooi will be hady wberein tlie c nrffir i mu 
maj be di&overed. ^ 

ExAMPLi %m Sappofe be Ae given quntityy sod 

the afltuned ibies be ^+ JKr-f- Gc^-f 2l4rs +£r«> && =r 



Mohipljr both by *-n«^ and ibere arilb i=A^"f tfAr+tfCc^ 
«f diUxS +«£^« &c And — Jlr— 5^— Cc '—/>««, Second 
by eqnadng the oocffidenU of the £une powers of ^ ^^*% 
#£— ^=:o,«C— B=:o,«I>— ir=:o^tf£— D=o^&c. Hih^ 

hi the firft eqoation jfc::-^ ta the fioood eqmieo A=:— t 
r:-^; in the third C=:— =:-^; in the fourth 2>=~=:^ 

and in the like manner JE:r--. ; therefoir, "^ — ^ hronght t» 



Some o/* the Properties of/quare Kvmlers. 

I. All even fquare numbers are divifible by 4; therefbrei 
if a number confifts of two even fquare numbert, it will be 
divifible by 4. 

a. Any odd fquare number divided by 4 leaves a remainder 
of I ; therefore, if a number confiding of two odd iquaie 
numben be divided by 4, there will be a remainder of a. 

3. Therefore, if a number confiding of ap odd and an 
even fquare number, be divided by 4, there will be a re- 

mj^oder of i. 

Fa 4* Fr^o) 
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]|. Frmn Kente it fellowti tb.it if iny oiMnber oompofed o£ 
t#o il|uart omnbert lie dirtded by 4» il cmumC l«av« a i«* 
ifiiiAder of 3 1 therefwe* a amnber cmmpobd of two iqnaro 
AaiabM, cannot fall vithin this prografioo 3, yt 1 1» 1 5t 191 
§3* *fc. 

5* Any Dumber ending mai3, 7, orSiitnota iquaro 
number. 

6. Tbe fum of any number of terms of the feriet x, 3, j^ 
i> 9i 1 1» fcc« beginning with the firft, if a fquare number^ 
wlidie rool it eqoil fo the number Of teraw. 

7. Tbe dtffmnce between iny two (quare oumb ew k 
d^ to ibe pi^uA of the ftmi and dMbrence of their roeci, 
lliut, if tf and S be the rooti, then S'i'bxm^^^n S J ^- 
and the Cune is aife equal to the fum of the two rooti» li^^ 
dier with twice tbe fum of the looia of aO the interme* 
dlle iquare nuolAen. Tbui, the diCUedoc between 36 ami 

9^6+3+ax v^i6+a{s94-i8=:J7. 

To refolve qoeftiont of this nature, the chief point ta, to 
make fuch aflumptiont far the roil of the required Iqoaie^ 
or cube, as fhtll^ when in^vtd, taufe either die gifeo 
number, or the igheft power of the unknown quantity, to 
▼anifh from the cquattoo ; whereby at length there will be 
only one dimenfion of tbe unknown quantity, and io tbe 
queftion will Mp idtti by 1rModa| the OfOhtlod. 



SECT. 



09 <aoBni» ^ 



SECT. V, 



THB JUtOLUTIOV OF SBTBRM. AliOBBRAJC FBOBUUff. 

Op. I* What are thofe two niimberty the fam whereof b 
So6, and rhie proporrion of the left to the grenter it as j to 7 > 

Let » fieprefent the greater number, then 108 — x is equal 
to tke left flRnnber 1 and the proportion of th< oumben wiB 
be as follows : io8<— x : jr : ; { : 7, thefe four quantitki being 
-in t dhtit fMvportirtni the prodnd of the two means ^x m 
cqnai lo the prodtiA of the two Dxtreases 756 — yx^ there- 
fore^ we have this e^nition j4rz=756— 7jr; and by tnui£> 
|)ofing jXf we have iMr=:7$6. Henct| by dividiog 756 bjr 
13, X u found equal to 63, which b the greater nuiiibef, 
tfierefore, iciB— 63=:'45, the left nomber. 

Qp.v. Bonglht apples at is for a penny, and pears at five 
for twopence. The number of apples and pears together 
was 100; the money given for the whole was %s,a£L ; how 
many were there of each fort ? 

Let a reprefeot the number of ftpples, then 100— ^ will be 

the number of pears : and as bmi.iia i-T-^y price of the 



apf les. Alfo, u 5:1/,:: 100 — a : rr, price of the 

pears; then -r—f- rre6. This equation muhipiied 

05 

by 30, gives 5«-|-iaoo — isa=:78o. By tranfpofing and 
dividing 7«=iaoo — 780=420, and by divifion «=z6o, 
the number of apples ; and 100 — 60=40, the number of 
pears. 

Qv« 3. It 18 required to divide the number laS into four 
foch pMts, that if ;he firfi part be added to 71 the fecond 

made 
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made Icfs by 7, the third multiplied by 7, »d the fbortb 
diTJded by 79 the refults may be equal among themfelves. 

Let the four parts into which the number 11 divided be 
reprefented by the letten «% jrv ffU. Then 9-|>7s4^^7=: 

IJ^— will reprefent the four quantities; and from the 

eqiiality of the two firft cqa^tiom we haire xasv+7-f 7^ 

from the equality of the firft and third equations ^=— ^ 

7 



and from the equality of the firft and fourth «=v4- 7 x |:9 
TV +49; therefore^ by collcding tbefc together^ there ariiea 

■ v4-7 ■ 

•+ 144- i-f-7^+49= wB. By collefting the terms and 

tranfpofitioo y-h ■■ ^=65 ; and muhiplying thit by 7, 
coNeAing the terms, timnfpofing and dividing, we have vsy. 

And hencea;=:7+i4=:fti; jr=i — -zzz, and 9=74.7x7 

7 
.R^ the icveral parts required. 

Qg. 4* There are two cubical pieces of marble, the fide 
«f one eieeediog the fide of the other by three inches, the 
Mid inches of both are 14(7 inches ; wbi|t Is the kng^ pf 
*the fide of each pieced 

Let the fide of the Icfs piece be rtpicfcQted by jr, then tl|e 

•£de of the greater will be «4-3, and jr>-f4r-i-3'3s24S7 
inches; therefore, %x^'^qx^'\-%ixz=^%\ioi this equatipn 
(bUed, gives jrs9, and consequently ^=ix. 

Qjr. (• A gentleman left a luro of moqey to be divided 
among three fervants, in fuch proponion, that one half of 
the flure of the firft, one third of the fecpnd (^ve, and one 
quarter of the fharc ot the third, ftiould be equal to biL ; 
and one third of the firft, one fourth of the fcoond, and one 
fifth of the third, equal to 47/. ; and one fourth of the firft, 
one fifth of the fecond, and one fizth of the third, equal to 
38/. ; — what is each fervant*s ftiare ? 

Put 4i=:62, ^rr47, ^^^ '=39* SB<1 ^ ^he three fiiares 
Kqtiired, be denoted by jr, j, and s ; thea the eoodkioM 

of 
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of the Queffioa wSI ftand tfaut : —+-^+—zz0.—+-^ 

» J 4 3 4 

+—=*•--+ f~+'Z"^^" Thcfe equations broaght out 

of fraftions, give 64r-|-4)r+5s=^iStf .sor+isv-hits:^ 
6o^ . z jjT 4- I2/-I- io«:=6oc. Here by fubtrading the fecond 
equation from four times the fiift, io order to exterminate s» 
there arifcs ^+y=z^^4t^6o^ ; then, by taking three timet 
the third equation from ten times the fir(l, we have X5jr-h 
4/r=isotf — i8otf, which, fubtraAed from four times the laft 
equation, leaves jps 724 — S40^+ i8oi?r:.a4; wherefore y 7481s 

— 60^ — 4x1=60 and »rr — fH—IZIz?' 3:1x0. demonftrated 
thus: 

%£ . 60 tao . 

- +— + — =i»+ao+30=6» 

* 3 4 

ft4 . 60 . 120 A 
^+-+—=8+15 + 14=47 

?4^6p l^^e+ia+.o=38 
4 S 6 

Qp.6. A grocer bought 120 pounds of tea, and as many 
pounds of cofftee ; he had one pound of coffee more for 20 
fliillings than of tea, and the whole price of the tea exceeded 
that of the eoffee by 6/. ; I demand how many pounds 
of cea he had for 20 (hillings, and how many pounds of 
ooffee? 

Let the number of pounds of tea bought for 20 Oiillings 
be reprefented by jr, then the number of pounds of eofice, 
for so ihillingSy will be ;r+ x, and the whole price of tlic lea 

T20 ISO 

will be — ^ pounds, and that of the coffee — r — pounds ; 

, ^ X20 ISO ^ . r 

therefore. — —=6: wherefore, 120X+120— lao* 

X *+i 
=6s'+&v^ therefore jr* + x=ao ; which refolvcd gives ^=4 

the pounds of tea for 20 fhillin^s, and x+ 1=5 the pounds 

of coffee for 20 fliillings. 

u Qy. 
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Qv. 7. Two travellers fet out on a journey at the Ikipc 
time ; the one fcft out fmni C to go to B, the other fixNn B 
ID go to C s they both travd uniformly, and in fucfa propor* 
tbn that he that fet out from P, four honn after meeCiog 
the other, arrives at C, and the other arriret at B, nine 
boort after meeting. How many hoar* did each pertbn tike 
to perfbnn hb journey ? 

D 



B- 



In this l^re, D it the place of their meeting ; pat tf=:4t 
f SS9, and jr for the number of hours which th^' tno^'cl he^ 
fore they meet. Then the diftancet they have travelled, with 
the fame unitbrm pace, will be to each other as the times 
in which they are defcribed; therefore, 8D : DC ::«>, (the 
time in which the traveller who fee out from B goes the dif« 
tance B D,) :«=: the time in which he travels ifwm D to C ; 
and by the fame manner as BD:DC:;^, (Ae time the 
other traveller goes from D to B,) ; jr=^ the dene he goes 
from C to D; now as x is to « in the ratio of 'BD4o DC^ 
wnd-Aio « in the iame ratio, it wiilfbllowp that asxuiu^;jrp 



WPbence «*s«l and xas v^^^^A, tbesefore, #<f v:4Ax&i% 
«iid t-^^/ahxz I J, are the two numbers wquineiL 

Qir* 8« The i«m of three numbers in gt^nMinaal piw> 
yofties, and the fiun of the fquares of three namberaiteiif 
gjiven ; to find the numbers themfelves. 

Ast^fartbcfiunof Che ibReeoiupbirs,4iBd/>>ii9r4^eir 
IqMies, and jp^ jr, and s fiw iIk niMsbcrs themfulnpi, ^<htn 
ive ftill have M^f^mms^ and #*^^-(-di*W jnJ^iptfy\ 
whence^ by tranfpofing jr in the firft eqnatipn, and 
bvolving both fides to the fccond power, tbere arifei 
«*4*tJeK-f x'stf^— «5y4-/, from which fobcraAing the 
fecood equation, we have jjts— 7*aB«*— a«ffy*— 3 ; but 
urs by the third cqoaUon ii ssftjF*, therefore, e^-- 
/se*— air^ "l-y^—i ^ or «*— aj)r-4s^ whence, y=2 
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— -« — • Now to find jr and % we miift look vponjp it a 



kDoim qnaodtyt and then bj the fteond equation we Ihall 
lmrtj^+i^=ii^f^ from which fubcraftbg ajntsra^, we 
have jr^ — ft«3ii-|>s'=A — 31^^ and by taking the root we haYc 



- ^^ — 3^, but bjr the firft equation x+x= 

Op. 9. A fanner Ibid lu many iheep and oxen ai brought 
him tool. ; for the iheep he received 17 fiiiUings each, and 
for the oxen 7/. each. It it required to l^w how many he 
fold of each ? 

Let the number of (heep be jf, and that of the oxen y ; 
then We have thit equation 174:4-140^339000^ and confe- 

quently ;r=?222z:!i2>l=, 17-8; +11=1^ which being a 

17 ' ^ 17 

whole number '"^^-^ or ^-^^*^" muft therefore be a whole 

17 17 

number Itkewife; whence by proceeding as above, we have 
>=7, and jr=6o, and this is the only anfwcr the queftion will 
admit of. 

Qn. 10. What are the dimenfiont of a cubical block of mar- 
ble, whofe fide in inches is exprefTed by two digits ; the fu- 
perficief of the blodc it equal to 864 timet the film of the 
faid digits ; and its folidity is equal to 576 times the fquare 
of the fum of the faid digitt ? 

Put ;r for the digit in the place of tent, and>r for the digjjt 
in the place of units, then iai?-f^ is equal to the fide of the 

tnbeand ior-f^j»x 6=864 Xr+/; or lox+ji^^^^^'^^* 
Alfo, larT/)' = 576 X xTy[^ per queftion ; and multiplying 
thefc equations croft ways, we have lojr-l:;)* X 576 x x+y *= 
J^44 X «+y xToi^^'. Then dividing both fides by I 44'X 
Vol,. II. G '+? 
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jr+jr X lav+M*, wc have *+jr x 4= lor-f y, or 4x4*47=10 
r-f jr, and by tranfpofition ^\>'=6.r, therefore, ^=aAv This 
being lubiliuited for ^ in the former equaiion, we bavr 

7c!Hr4^'s:i44X4r-fsjror i44a*=:i44X3Jr, and diirkliiiK 
by t44rwehave.rzi:3 and jszzxsib; tbeitfore^ ibe fide 

of the cube 11 36. 
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DOCTRIXE OP ANNUITIES. 



SECT. I. 
res rALVR of ah AKsrurrr por a fiNois Lire. 

An annuity U a fum of money pa>*able yearly, half- 
yearly, or quarterly; to continae either for life, for a certain 
number of years, iir for ever. 

When an annuity remains unpaid after it is duc^ it is (aid 
to be in amar. When the purchadrr of an annuity does not 
immediately enter upon podeffion,. the annuity is liiid to be in 
vfvetfion. 
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The iodereft npob annuities in- arrear may be compatcd 
either in the way of (imple or compound intereft. But com- 
pound intereft being found moft equitable, both for buyer 
imd ieller, is in moft general nfe. 

Annuities may be dirided into certain and uncertain. 

A certain annuity is 'that which continues for a certain 
time, or for ever* An uncertain annuity depends upon one 
■Of more lives. 

Before J proceed to give the do6irine of contingent afi* 
nuitieSy it will be neceflary to deliver the rules for calculate 
iug of annuities certain* 

PROBLEM L 

Tojitid the Amount of an Jsimdtyfar a given Term of 
YearSp at a given Rate oflntereji. 

Example. What will an annuity of 50^ amount to, at 
the end of 8 years, a^ the rate of 5 per cent, per annum^ (im- 
ple intereft ? 

In this example, the intereft beiqg at 5 per cent, multiply 
the rate of intereft of \h for i year, or .95 by 50 the annui- 
ty, and the product hy 8, the number of years, and the pro^ 
du6t hence arifing is aoj the half whcrepf (ro) multiplied 
by the number of years, made Icfs by ope, (7,) prodiicep 70, 
t))e fitpple intereft ; which added to tl^e produdl of jo, and 
8, (400,) give 470, the aqiouqt required. 

PROBLEM 11, 

To fnd tjie Amount of an Ammity^ at ^ompoimd 

Interejl. 

RvLB. Multiply the amount of x/. for i year, as often 
into itfelf as there are years, except one ; or, which is the 
i^oie, raife it to the power whofe index ia equal to the num* 
b^r of years, and from the refutt, fubtraA 1 5 then divide 

Q% the 
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the remainder bgr the intercft of xt for z year, aod muhiiAjr 
the quoticBC bj the annoity, and the pcoduA will be the 
amoont required. 

ExAMF LI. Whit is the anouat of an annuity of £o/. for 
3 years, at $ fer ermi. ftr smum, € 0mp § umJ imtntft Hers 
the amount of i/. for i year it i^oj, which cnoUiplied twice 
intoitfel^ produces i«iS76»^, aod x fubmfted from thi% 
the mnainder it •X576»$» which divided by .o^i the qoo* 
tipitia^i5a(; this umltiplied by jo, producet XS7«6»$, or 
ij7iL tsf. ^Im the anArer required. 

Note. If the p ay me nu are half-yearly or quarterly, the 
anaount, and intercft of U. nmftbe taken for a half, or a 
quarter cf a year. And thco te doobleor quadruple of the 
time muft be taken. Aiid the amount of \L for half a year 
at compoond intereft is equal to the %uare root of (he 
amount forayear; andtfaeafltoimtforaqiianerof a year 
it equal to the fquare root of that for half a year. 

PROBLEM III. 

To find the pfiftnt Value qf an AmmUg, having the 

Time and Rate. 

Rule. Multiply the amount of one 3^^ear at often into it« 
felf as there are yean, lefs x ; or involve it to the power, 
denoted by the time : by this refult, divide x, and fobtraft 
the quotient from i, divide the remainder by the intereft of 
i/. forayear; then multiply this laft quotient by the att« 
nuity, and the product will be theprefent value. 

Example. What is the prefent value of an annuity of 
40/. for S years, difcounting J fcr tent, fer ammmm, e9mp0mmd 
intereft f Here i.o$ involved to the fifth power is i.a76i8, 
Vy which dividing 1, the quotient it .783 $3t which fublniA- 
^ from X, leaves .21647 ; this divided by ^5 ghKt 4-3S949 
iklpliedby40 it I73*i76, or 173/. y. 6)^ the 
iPBttb. 

PROBLEM 



Bsasxa ~ ~ 



PROBLEM IV. 
Having the prefeni Worthy Rate, and Time, tofini tk^ 

RuLi.. Find the prefeot valae of i/. annuity «! the give^ 
rate and thne ; and then by the role of three, fay, ai Ae pre- 
fent worth, thus foui|d, is to liL annuity, fo is the preleot 
worth gjkrcn to iaaBaoityi Htftx ii^ dlvidt ihc 9Yen gmliint 
worth by that of iL wavilty^ 

Example. What annuity wHl tf^L j/. yd. puroMe It 

continue 5 ycaM» ^lowia^ ^ m /^wd htn^ 00 % fm^ mn$i 

ftr munmmf 

•05:i::i;aoi!. 

2.0$ X 1.05 X 1.05X xx»5K i;o;=:i.ft76a8i562; 
2.276181 (4a5)ao,oooooooo( 15-6705 

•o 



4^3195 prt&nt worth of \L 
annuity. 

4-3^9)<73*t79(4^« annuity, Anfwer. 

jinnuitiesfor ever, -mr PredmU ^flates. 

lo calculating the value of an annuity for ever, commonly 
called an Jamui/y ia fee fi^y three things are to be coo- 
fidcred : i. The annuity, or yearly rent. a. The price, or 
pceiait wocth. 3. Thera(eof iotcrcft. 

PROBLEM L 

Haulng the Bent and Rate oflnterejl, to find dtt^tfrim 

or Vubm 

RuLB. As the tntereficff ;/• 11 to i/. (bis the cant to thif 
price or value. 

£xAMng« 
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the remainder bj the intertft of it for x year, aad muliiply 
the qootiemt bj the annuity, and the ptoduA mil bt Urn 
amount required. 

ExAUfLE. What is the anouat of ab annuity of go/* for 
3 yean, at $ /rr enu. ftrmmmm^ €0mf§mUmiir9fit Hera 
the amount of z/. for i year it i^j, which mni^ipUed twice 
imoitiel^ jproducet i«iS76»^, and i fubtrafted from tU% 
the remainder ia •15761$, which divided by .05, the qoo* 
ti^iitia3.i5a(; this multipUed by {o, producei iS7«6»|| or 
157^ XA/. ^d. the anfwer required. 

Note. If the payments are half*yeariy or quarterly^ the 
amount, and intereft of x/. mnft be taken for a half, or a 
quarter of a year. And theo the double or quadruple of the 
time muft be taken. Add the amount of iL -for half a year 
at compoaod interet is eqval to the %aare root of the 
amount forayear; and the aaMunt for a quarter of a year 
is equal to die fquare root of that fiir half a year. 

PROBLEM III. 

To find the prrfent Filue qf an AmmUy, having the 

Time a$id Rate. 

Rule. Multiply the amount of one j^ear as often into it* 
felf as there are years, lefs i s or involve it to the power, 
denoted by the time : by this refult, divide i, and Ibbtraft 
the quotient from 1, divide the rcrtfednder by the intereft of 
i/. for a year; then multiply this hift quotient by the an* 
nutty, and the prodad will be the prsfent value. 

ExAMPLs. What is the preiSmt value of an annuity of 
40^ for $ years, difeounting { ^ ctnt. fer amamm, C0mp0mmd 
tmitrtff Here x.05 involved to the fifth power is i. a 7618* 
By which dividing 1, the qaotieat is .783 $3, which fuUnd- 
ed from t, leaves ^1647 ; tUs divided by .05 gives 4.3^94, 
which amiilplied by 40 is 173.17^ or 173/. ^ 6|W; ilio 

pCMBBt WOttb* 

PROBLEM 
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PROBLEM VII. 

Having the Value ofanAnrndtyinReverfifm^ theTima 
prior to the Commencement of the Reverfion^ ahd 
Ikiie of Inier^, ioJlndiheAnmuiy. 

Rdle. yind the amounl of Che price of the rererfion, for 
the yean prior to the commeoceiiieDt, bjr the tables : thetf 
iod the tnnuity, which that amount will purchafe. 
> £jc AMPLE. If the reveifioQof an annuity to commenoe 
aoyeiri heace, be bought for 67 j.{77iL what ii theaonuitjTi 
tmt^mmd iwNrtfi^ si hptr uuu pn dam. f 

Here by the tablet, the amoimc of ^Ji^^T^L fbr to yean^ 
at 6 per cent, is 9i66.6A which will purchafe an anouiry of 
130/. 

Life Annuities. 

Annuitiei for lives, are calculated front ohfervations nRado 
on the bitWof mortnlity, which, however imperfect they may 
feem to be in themfelveii when individually applied, they are 
ne\'ortheleff become in very general ufe, and are fennd loaii* 
fwcr pretty accurately, for foch peribnf , or public offices^ 
at bay and fell annuiticf. 

It mud, ho\K'ever, be obfenred, that cdcalationi of (hif na- 
mreare at be A but bare probabilities, or mere chince-work ; 
yet every one nnift be fenfible, that a perfon of dm yean 
of age hat not fo great a chance of living as a perfon of 30^ 
provided both be in good health ^ therefore, an annuhy to 
continue for the life of the former, cannot be worth near fe 
much as an equal annuity for the life of the Uttera 

T^ prit^cip:il wrltcraon calculations of this kind, are Dr. 
H illty, Mr. Siinpfon, Monlieur de Moivre, and Dr. Price, 
each of whom has fcirmad tables on the probability of hu* 
BUin life, deduced frjin the bills of mortality, 

3 Dr. 






^ 



Dr. Hallqry from the Inllf of mortality at Breflawi con* 
firuAed a table, io which he fliewi how many perions died 
in eveiyyear out of looo promilciioofly chofeo, and all bom 
in the fame year, till the death rf the laft. He chofe the cily 
of Breflaw. the capitaf of Siiefia, for thif purpofe^ wfaidi ho 
thought might ferve at a Avidud to the reft of £iuope^ 
being a centnd town, at a difiance from the iea, and not 
much crowded with fereignen. Hu table is, howevtHi*. 
found jKit to be fe well adapted to the probability of humaA 
life in Bnglandi as thofe of fome others finoe hit time. I 
Ihall, however, give his taUe, as wdl u diat of Mr. SimpfoOp 
end Dr. Prifie, that Uie reader may fee the companrthe fl^Rri( 
ofeidu 



Tot, It, 
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Dt. HALLEri TABLE, 
fVom the Sitts aj MorttUttg at BreJUao. 



TABLE I. 



Ap. 




Decre- 
ment oi 
Ulc. 


Aie. 




De«e- 
ment ol 
Ufc. 


Ap. 


Peifom 


Decre- 
ment or 
lift. 


, 


1000 


<4; 


3» 


S'S 


8 


"^7 


SIS 


10 


% 


'i 


'i 


33 


S"? 


8 


64 


SOS 


Id 


3 


3+ 


499 


9 


U 


:§; 


10 


4 


760 


18 


P 


490 


9 


10 


S 


73* 


>t 


4»t 


9 


67 


■2' 


10 


6 


710 


i9 


P 


47» 


9 


68 


161 




I 


^r 




463 


9 


69 


■S' 


10 


B 


680 


10 


39 


454 


9 


70 


'4» 


11 


9 


S? 


I 


40 
4' 


1^1 


9 
9 


7" 
7s 


13' 
■ 10 


" 


II 


'53 


I 


4» 


4*7 


10 


73 


109 


II 


11 


646 


43 


4'7 


10 


74 


II 


10 


'3 


6,0 


6 


44 


407 


10 


77 


10 


• 4 
IS 


J^l 


6 
6 


Jl 


W, 


'o 


ll 


10 


i6 
'7 


6ta 

616 


6 
6 


« 


367 


10 
10 


78 
79 


S8 
49 


1 


■8 


610 


6 


« 


357 




So 


41 


I 


'9 


6o« 


6 


so 


346 


II 


81 


34 


to 


S9« 


6 


5> 


33S 


II 


8t 


s8 


i 


31 


52! 


6 


S« 


3"4 


II 


83 


•3 


1 


11 


S86 


7 


S3 


3>3 


II 


»4 


«o 




•3 


S79 


6 


S4 


30. 


10 


II 


'J 




"4 


S73 


6 


!2 


X 








:i 


1^ 


7 
7 


10 
■ 


u 


8 
S 




'.\ 


s;3 


7 


III 


10 


89 


3 




H' 


7 


S. 


«!» 


10 


9<> 


I 




.«» 


!J9 


8 


M» 




9> 







30 


!3i 


8 


61 


•31 


10 








\\ 


.'•i. 


8 


61 


»» 


to 


_ 
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TABLE Ih 



The ProlahilUies Jrom Ten Years Oljeniat'um on itu ' 
Bills ^ MortaUty ia London^ 

Bt Mt. SIMPSON. 



Agt. 


living. 


Dtcic- 

Lifr. 


Age. 


living 


Deere- 


5 




Decie- 

menl of 

Life. 


~ 


1000 


310 


¥ 


3a 1 




S4 


'3S 




I 


680 


133 


3'S 




11 


H9 




s 


s*? 


S' 


.9 


308 




i«3 




3 


496 


«7 


30 


30' 




S7 


"7 


5 


+ 


+69 


>7 


3' 


«94 




i8 


112 




1 


4S* 




3« 


287 


7 


59 


107 




440 




33 


»8o 




60 






1 


430 


fi 


34 


*73 




61 


97 




4»« 


7 


11 


a66 




6» 


9* 




9 


4'S 


5 


*S9 




63 


87 






41D 


S 


37 


*S* 




64 


S» 






40s 


5 


38 


»4S 




Si 


77 




la 


4C0 


5 


39 


"37 




66 


," 




'3 


39S 


5 


40 


ng 




(■7 


'7 




>♦ 


390 


5 


41 




8 


68 


61 




\l 


38s 


5 


4» 


S14 


8 ! 


6, 


S« 




380 


s 1 


43 


>o6 




;o 


S4 




n 


37S 


5 1 


44 


199 




7' 


'? 




i8 


370 


S 1 


45 


iqi 




7" 


46 




'9 


36s 


S ' 


46 






73 


4« 




so 


360 
3S> 
3 SO 


s 

2 


11 

49 




74 


33 


3 
3 


>3 


34? 


SO 


'59 




77 


3° 


3 


"4 


339 


6 


5" 


'53 




78 


«7 




'S 


333 


6 


S» 


'47 


6 


Z9 


*S 


% 


.§ 1 3.7 


6 


S3 


I4> 


6 


80 


«3 


s 
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TABLE III. 
The PnioliiUtwt of Ufit c^ailattd fnm Ttrty-J^ 
Years O^enmiion on the BUU of MortaUty at 
KoTthampton: vix. from 1735 to 1780. 



J*. 


lining. 


Decn- 

BUDI ot 

Life. 


A«. 


Petbnt 
liTlng 




is- 




Decrt- 

meat 





1 1650 


«894 


34 


4^ 


7S 


17 


■3" 


80 


i 


7.I3 


rto6 


37 


40to 


75 


70 


.aja 


So 


a 


,367 


P^ 


75 
75 


7" 
7« 


iiSa 
107a 


80 
80 


3 


67SI 


33 S 


38 


37«S 


75 


73 


99« 


80 


4 


6446 


:?i 


39 


37JO 


;i 


74 


83a 


80 


1 


6«49 


W 


3»3S 


;i 


60 


6<*s 


140 


41 


ll& 


77 


7Sa 


77 


? 


S9»S 




4» 


78 


77 


'75 


^1 


8 


S8.s 


80 


43 


3404 


7» 


78 


60a 




1:35 


60 


4+ 


33>' 


'1 


79 


534 


»s 




!»»3 


SO 


Jl 


3.46 
3170 


]\ 


80 

Si 


^ 


60 




SS73 


SO 


47 


309» 


78 


B» 


34<' 


57 




SS'3 


SO 


48 


30.4 


7» 


83 


.89 


:i 




5473 


50 


49 


2936 


79 


64 


;it 




S4'3 


SO 


so 


•«S7 


8t 


87 


41 


S373 
S3" 


I 


i' 
S» 


iJi' 


Sa 

8a 


'41 


IS 


S.6. 


53 


>6i> 


8a 


88 


'il 


11 




S<« 


67 


54 


■530 


8a 


«9 


6i 


16 




SI3' 


;» 


5S 


1448 


8> 


90 


46 


IS 




(Oto 


75 


S* 


.3M 


Sa 


9> 


34 


10 




49!S 


JS 


11 


1184 


S^ 


9a 


\t 


8 




4910 


7S 


tto« 


«• 


93 


7 




'X 


75 


sq 


aiao 


8a 


94 


9 


S 




7S 


60 


1038 


8a 


95 


4 


3 


468s 


7S 


61 


■ 9S6 


8a 


96 




I 




4t.io 


7S 


6s 


18,4 


81 




1M198 


ii6s9 


till 


7S 
7S 


ej 


1793 
171a 


81 
So 










43»S 


7S 


U 


.63a 


80 










43,0 


7S 


'SS» 


.80 










Z^ 


75 

7S 


% 


U7« 
'39» 


80 
80 
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TABtE IV. 



yAff £i;prAatHin o/" Z^/e o/ every Age, according to the BlUt 
of Mortaiifjfjbr bqth Lotidon and Nortbamptom, 





Eipcaslion- 1 




ijtpUautm. ; 




ff^M^ 1 


Age. 


Ladoo. 


Noith. 


Ait. 


Loadom. 


Nonh. 


Afic. 


London. 


North. 


O 


'9-S 


.,,8 


34 


la. 4 


ab.io 


68 


9-9 


9.50 


» 


«!-S 


3»-74 


li 


». 


.5.68 


69 


9.6 


lU 


« 


3«-5 


37-79 


at.b 


.5. .6 


70 


9-3 


3 


36.1 


39-5! 
40. (4 
40.84 


37 


a|.a 


44.64 


T 


l:t 


e.17 


4 


38 


£0,8 


"4->« 


7» 


7-74 


i 


36. i 


39 


«o.+ 


»3 


60 


73 


8-3 


7-33 


3'-S 


♦1-07 


40 


so. I 


«3 


08 


74 


8.0 


6.,. 


i 


36-3 


4>-03 


4' 


19.7 




;6 


7'! 


7-7 


!-sj 


36.. 


40-79 


4» 


'9-3 


»a 


o» 


?-3 


6.18 


9 


3S-7 


40-36 


43 


19.0 




S4 


77 


6.9 


S-83 


10 


3S-3 
34- 8 


39-78 


44 


18.6 


ai 


03 


78 


6.5 


S-48 




39-' 4 
3«-49 


45 


'3.3 




S« 


79 


6.0 


5.11 




3t-; 


46 


17.9 


20 




So 


5-S 


4-75 




33-6 


37-83 


47 


17- S 


19 


SI 


81 




4-41 




33-0 


37-17 


48 


17. » 


«9 


00 


83 




4.09 




3«-4 


36. c. 
3i-»S 


49 


16.8 


iS 


49 


!3 




3.80 


3..« 


50 


16. s 


■7 


99 


«♦ 




3-58 




3.-; 


3S-«o 


5" 


16. 1 


>7 


SO 


^1 




3-37 




30.6 


34-58 


S» 


'S'7 


'7 


oa 




3.19 




30.0 


33-99 


53 


15.4 


16 


s* 


87 




'•;; 




•.l:S 


33-43 


54 


IJ.O 


16 


06 


68 




s. 86 




3»-90 


11 


14.7 


'S 


S8 


89 




1.66 




18. » 


3»-?9 
3.-68 


14-3 


>5 


10 


90 




«.4i 




•7-7 


S7 


13' 9 


14 


63 


9" 




«.09 




37.1 


3'-3« 


ss 


.3.6 


•4 


'd 


9» 




■■75 




j6.6 


30.85 


S9 


13.3 


'3 


93 




'-37 




»6.i 


30- 33 


60 


i>.9 


'3 


21 


94 




l.oi 




.S.6 


>9-8. 


61 


.a.j 




II 


'i 




0-75 




as-' 


*9-30 


6s 






96 




0.50 




.«.6 


■8-79 


63 


It. 7 


II 


81 










«♦•> 


.8. .7 


64 


11-3 


II 


U 
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TABLE V. 

Shewing the Numler of Ycarx Purcba/e an Annuity on a 
Sngle Lift is worth according to the Probabilities of 
lAfii at London and Northampttm, fiom the Age of 
6 to 75 Years j a/ 3, 4, and 5 per Cent. 
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THE USE OF THE TABLES. 

Table L 

Shews the probability of life, according to Dr. Hslley^t 
computation: the firft column fliews the ages ; the fecond 
column, the number of peribns living tt thofe ages ; and 
the third column, the decrement of life, or the number of 
perfons that died each year: thus^ oppofite age i, is looo 
in the fecond column, and 145 in the third column; which 
ibews, that of 1000 peribns bom in the fame year, 14; died 
before the expiration of the year ; and of 855, the remainder 
of the peribni living, 57 died the fecond year, and fo oo. 

But the calculations according to this table difer from 
tholb made from the tables of the probabilities of life m 
London^ partly oving to the difierenl iituations of thefetwo 
pbces. Breilaw being an inland town not much frequented 
by Arangen or foreigners, and London being a mercantile 
port, and crowded with tratikkers and travellers from aii 
parts of the world $ and partly owing to the difference of 
climate, difference of food, and different manners of life, 
between the inhabitants of thefe two places, which is always 
found to occafion a different proportion in the deaths at the 
fame ages. Thefe confideratioas induced Mr. Simpfon to 
oompofe a tabic of the piobability of life, calculated from the 
bills of mortality of London, and which table will confe* 
quently much better anfwer the purpofc of calculating the 
value of an annuity for a life at London, than the other tablo 
of Dr. Halley. This table may be feen page $ i. 

It muft, however, be obferved, that Dr. Halley's table is 
better adapted for the ufe of ail Europe in general than any 
other particular table. 

Table III. 

Shews the probability of life st all ages, from 46 years 
obfcrvation on the bills of mortality at Northampton : viz* 

froiDJ 



j6 OP TtfS TALttS bP ttftS i OKy 



mmA 



from the year 173$ to 1780 inclufive. Thtt table it jufilj 
leckoDed to be the moft corred of any extant^ as it is takea 
from a large manufadluriag town, and which ooofifti geoe> 
rally of the fame perfons : and alfo that the table is con* 
ftnided from a larger number of peribos bom than any other 
table, being 1 1650, which affords an opportunity of obfarv* 
ing the decrement of life to a greater ezadneiu 

Table IV. 

Shews the expectation of life, or (he number of yeart 
which any perfon may be fuppofed to have a fair chance of 
livings according to an eqi&lity of chance at every age, ae* 
cording to the bills of mortality for both London and 
Northampton. Thus, agaioft age a fiands ja.j in tlie fecond 
colnam, under London; and 37.79 in the third ^l«imw^ 
wnder Northampton i which Ihews, that a child ct the age 
of two years has an equal chance of living 3a.5 ycars^ ac» 
oordmg to tiie London tables» or 3s yean 6 months; ami 
according to the Northampton tables 37.79 years, or 37 yean 
and upwards of 9 months* 

TaikV. 

Shews the value of an ammity for a imfjit life, according 
to the probabilities of life at London and NorthamptoOyfiott 
the age of 6 to 75 years inclufive^ at 3, 4, and ^pnemu 
Thus, fuppofe it were required to find the number of yon 
purchafe which an annuity b worth to a perfeo of tho afi 
of^o; here in the fecond column, and oppofite the age 30^ 
fiandi 15.0, which (hews that an annuity for a pcrfiMi of 39 
years of age in London, and at 3 /ir emi. is wocth ^5 yeara. 
purchafe; and an annuity for a Northampton life, at the 
feme i«te of intereff, is worth 16.9s yean purchafe : and for 
a LomImi life, at 4/rr ciraf. an annuity b worth 13.1 yeara 
purchafe; and fer a Northamftioe life, at fte feme rate ud 

nsicte0A 
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as worth 14.78 years purchafc : and an annuity at j /fr c^mi. 
for a London liiiB, is worth 1 1.6 yean purcbafe ; and for 1^ 
Northaoipton life, at the fame rate of intereft, 13*07 yean 
pufx±afe. This table alfo fliews the value of an annuity of 
x/. for a iin^ life, at ail the above-mentioned rates of iot«> 
reft : thus, an annuity of lA per am: ioi a fingle life, at 39 
years of agc^ according to the London tables, at ^fircmti. 
is worth 1 5/. ; and the fame, acoordmg to the Northamptoa 
tables, is worth 16/. and upwards of i8/. &c* 

This table is efieemed the beft of any extant, and prefer- 
able to any other of a different form. But thofe who {ell 
anniuties have generally a table of 2 ytars more value than 
the Jives in this table, for pmcbaien who are upwards of 
twenty years of age. 

Definitions. 

1. The/rpMc2rff t/'i^ is the chance that any perfoo or 
pcribns have of living to any certain time, and is denoted 
by a fra^ion, whofe uuroerator is the chance of living* and 
denominator that of living and dying. Thus, fuppofe it 
were required to find the probability ot a perfon of the age 
of so atuining to the age of 37, according to Mr. Simpfon*s 
table. Here it muft be obferved, that of 360 perfons living 
at the age of ao, only 152 furvive to the age 37 ; therefore, 
108 perfons have d^ between the two ages. Thus, ajs 
is the chance of the faid perfon s living to the age of 37, and 
360 the chance of the faid perfon's dying before he attains 
the age of 37, and the probability of life of that perfon is 
cxprefled by the fradion \^ or •/„ ; therefore, the odds in 
that perfon's favour, or the chance that he (hall live to that 
age, is 7 to 3. 

2. The fr^MiUty of dying is exprefTed by a fra6^ion, 
which is the difference between the former frafhon and 
unity. Thus, the probability that the aforefaid perfon (hall 
die before the age of 37 is exprelTed by \^ or ^ which 

Vol. II. I (hcwi 
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flsews that the chance of that perfea't dying before the ftid 
ige 18 as 3 to 7. 

3« The ixfrtmity §/ Hfg n the period beyond which therto 
19 i\o probflMlity of fnmTing. In the Nocdunnpton teblci 
this it 96 years. 

4* The fwiflUment #/ Uft is the nnmber of yean wbich 
any perfon's age wants of the full Extremity of life ; this in 
the Northanopton table, lor a life aged 80, is 17 years. 

J. The expeBmthu 0/ lift is the number of years doc to 
the life of a perfon of a certain age, upon an c<iiia1ity of 
chance. And it is the nnniber of years purchafe, which an 
annuity for life is iforth in ready money* withoat allowing 
any interell. And in fingle lives it is always equal to the 
fum of all the probabilities of fnnriving to the entremity of 
life. 

6. The number 9/ yntn pmrebmfi of annuities, at any rate 
of intereft, is that number which, if muhtplied by the an- 
nuity, is equal to the prefent value thereof, according to fuch 
rate of intereft ; therefore, it is the pnefent raloe of an an* 
ntdty of x/. according to a given rate of intereft, as feen in 
Table V. 

7* The rtn^erfi§k of a life annuity is where two or more 
Irres are in joint pofleffion, and the expedation depends 
upon the probabilit}* of otie paiticular life furviving the reft* 

PROBLEM I. 

Tojind the Value of an Annuity for the Life of ang 
Per/on at a given Rate of Intercjl. 

RiTLi. Seek the age of the perfon in the firft column of 
Table V. and againft it, under the proper intereft, is the 
number of years porcbafe for either the London or North*^ 
ampton life ; or, which is the fame thing, the prefent value 
of an annuity of t/. during fuch life. Multiply this hy the 
annuity, and the prodnft is the aniwtr. 

} ' ' EXAMFLI* 
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Example. - Suppofe the given age be 49, the rate of 
intereft 3 fcr ctni. aad the anmiit^ to/. Here again 4^ and 
under 3 ^ ^var. ftaodt i t.6 accoidiog to ihe London bUlt, 
which, multiplied b)r ftoA gives %'^%U for the value of a Lon* 
don life. And in the next column ftaods 11.699 the value 
aocordbg to the Northampton bills, which multiplied bjr 
to/, as before^ produces 2 jjA t6i. fbr the value of a North- 
ampton life. 



SECT. II. 

OP THB VAI.VS OF AK ANVt/ITT OUJUNO JOINT LIVJBS. 

PROBLEM L 

To Jini the Value of an Annuity for the joint Om-^ 
tinuance of two Lives ; that is, one Life failing, 
ike Annuity to cea/e, 

CASE I. 

Wh€nUth'Pnfrniari0f the fame Age. 

RwLE. Find the value of any one of the lives from 
Table V. Multiply this value by the inicrcft of i/. for a year 
at the given rate ; fubtraa the produa from a, divide the 
aforefaid value by this remainder, and the quotient will be 
the value of i/. annuity, or the number of years purchafe. 

ExAMPLi. What is the value of 100/. annuity, for the 
joint lives of two peribns, aged 40 years each, according to 
the London tables, redGooing inureft at 5 per cent, f Here, 
by the ubie, one life for 40 years is, 

I a »0'3 
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to.) 

Multiply by ^; 

Sttbcraft thif prodttd .51$ 

From a.ooo 

.Remains 1.48 s 

And Z485) 10.3(6.9 vilne of iL annuity, which multiplied 
by too it 690/. the value of the annuity ibuglht* 



CASE U. 
ff^6in thf fuj0 Ferfins are •/ differeni Agis, 

RuLS. Find the values of the t«»o lives in Table V. Mul- 
tiply them one into the other, and call the refult the firft 
product ; then multiply the (aid firft produd by the intercft 
of iL for a year, at the given rate» calling the refult the fecond 
produA ; add the values of the two lives together, and from 
the fum fubtrad the ieeond prudu^ ; divide the firfi produdt 
by the remainder, and the quotient will be the value of lU 
annuity, or the number of yean purchafe. 

Example. What is the value of 50/. annuity, for the 
joint lives of two perfons, whereof one is to, and the other 
30 years of age, according to the Northampton tables, In* 
tcrcfiat 4/rrcM/.f 

The value of to years is 16.0^ 
And the value of 30 yean is 14-70 

Firft produ£k t36.9t34 

:2f 

Sea>nd produ^ 9476936 

Sum of the two lives 30.810000 

Remainder ti., ^33064 
Aod >t.333o64)i36.9B34( i i.i value of i/. annuiy. 
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PROBLJEM III. 

To find the Value of an AnmAty during the life ^ 
the longejl Survivor of two Lives i that is, as long 
as either of the two Parties live* 

Rule. From the fum of the valacs of the fiagle fivc^ 
fttbtrad the iralue of the jotnt Jivei, and the remaioder will 
be the value ibu^t. 

£xAMPLi. What is the value of an aoDuity of x/. to coo- 

tinue durmg the loogcft of two lives : the one peHbn being 

30, and the other 40 years of age ; intereft at 4^ rm/* the 

life of 30 years of age valued according to the London billf^ 

and that of 40 years of age according to the Nartfaamptoa 

bills? 

By the table, the value of 30 years is ij, i 

The value of 40 years is • 13.10 

£6*30 
The value of their joint livts^ by ProUem IL 
Cafe a, is • • 8.9 

The value fought • • 17.4 



If the annuity be any other than li. multiply the above 
found value, by the given annuity ; and if the two perfons 
be of equal ages, the value of their joint lives iquA be found 
by Caie i, of Problem IL 

PROBLEM IV. 

To find the Value of an Annuity for the joint ContU 
nuance of three Lives i that is, one Life failing, the 
Annuity to ceafe. 

Rule. Multiply the value of the three fingle lives con- 
tinually into each other, calling the refult the preduft of the 
three lives ; multiply that produd by the intereft of i/. and 
that produA again by i^ calling the refult the double produ^; 
then from the lum of the feveral produds of the faid lives^ 

taken 
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taken two and two, fubtra6t the double produd ; divide the 
product of the three lives Iqr the ftmainder, and the quotient 
irili be the value of the three joint lives. 

Example. What is the value of an annuity of iL during 
the joint lives of three perfons, whereof A is lo years of 
age, B to, and C 30, at J^fer cemt. according to the London 

Here, by the ubie, the value of A*s life is 16.4, that tii 

B's 14.8, andC's 13.1, which three multiplied together is 

3179.63 ; this multiplied hy .04, the intereft of x/. gives 

kt7.i8$t8, which, multiplied again bf ft^ gives 1 54.370 for 

tbe double produd. Then 

The proda£^ of A and B is *^*2* 

And the produd of A and C is ^1434 
The produd of B and C is 193.88 

The fum of all taken two and two 6 j 1*44 
I>ouble produd to fubtra^ . 154.37 

Remainder 397.07 
And 397<o7)3 1 79«63t (8.007 Value fimght* 

PROBLEM V. 

Tojhdihe Vaim of the JnnuUy fim the lomg^ Life 

<f three mrnuKre Perfem. 

ftULE. Fmd an age anfwerable to the value of the longeft 
fife of any two lives, which fubftitute in lieu of the two, 
and then find the value of the longeft life of that life and the 
other, and that will be the value of the longeft life anK>og 
three lives. If there arc four or more lives, fubftitute the 
age correfpooding to this value in lieu of tbe three lives, 
and find the value of the longeft life of this age, and the other 
reoMtning age, and it will be the value of tbe kiiigeft«>f four 
lives ; proceed In tbe feme manner for five or atlore Ihresi 
having regvd to the nte of intereft. 

The examples in the foeegobg problems wiQ be fonnd 
luAcieoi to infir«a the Icanier ham to perform all tbe 
<• following 
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foUowiag problems. I fhall, therefore, give a few proUemt 
ivith their rules, loriog their opentioii for the cxercife of 
theJcanier. 



SECT. Ml. 

THE VALX7B OP CONTIKGBKT EEAf AIXDCSS AKD 

BBTSRSIOX5* 

PROBLEM L 

Tojind the Faiae of the Reverfion of an qffigned Ufe 

effter a given Terfn^ 

Rule. Subtrad the value of the annuity for the given 
term of years, from the value of the propofed life, on the 
contingeocy of its ceaiing^ upon the extindion of the afore* 
iaid life^ and the remainder will be the anfwer* 



PROBLEM IL 

Tojind the Valve of the Reverfion of an Annuity for 
the Remainder of a given Term of Years after an 
^gnedUfe. 

Rule. From the value of an annuity, certain for the 
given tenn of years, fubtraA the value of the annuity for the 
(aid term, on the amtingency of its ceafing, npon the foiling 
of the propofed life ; and the remainder will be the value of 
the revcrfiopt 

PROBLEAt 
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PROBLEM IIL 

To Jbid the Value of the Reverfion of one Life after 

another. 

RvLt. SubtraA the Talue of the two jomt lives from the 
▼alue of the Hie in expeAation, aod the remaituler will be 
the Tahie of the levcrfion. 

PROBLEM IV. 

To Jind the Value of the Reverfion ff two lives after 

onef 

RvLK. Subtrad the value of the life in poffeffion from 
the value of the loogeft of the three Itvet, and the remainder 
will be the value of the reverfion* 

PROBLEM V. 

To Jtni the Value of the Reverfion of one Life after 

two Lives* 

Rule. If the two Ityet are joint lives, fubtraA the value 
of ttie three joint lives from the value of the life in expeda- 
tion, and the remainder will be the aofwer. But if the 
reverfion takes place after the exttndion of either life, fub- 
traft the value of the two lives in pofleffion firom the value 
of the three lives, and the remaiiuler w'\\\ be the value of the 
reverQoo* 

PROBLEM VL 

To Jind the prefent Value of any Number of Lives in 

Succeffion. 

RuLt. Multiply the value of each life by the intereft of 
iL for one year, and fubtrad each produd from unity or 
1 ; multiply all the remainders continually tugether^ and 
^bcraft this produA from unity ; then the renoioder qiuld* 

piled 
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pUed by the perpetnitj^, wiH be the Talue of aB the fuccet 
cfive iifet* 

PROBLEM VII. 

A given fum of money is to be received as a legacy on tlie 
deceafe of D, who is at a given age ; what is the value tliere* 
of in prefent money ? 

Rule. Subtrad the value of the life of D fh>m the per- 
petuity ; dien £iy, as the perpetuity is to the remainder, fo is 
the propofedfum to the prefent value. 

PROBLEM Vm. 

fojimd the Value of a Sum of Money to berecewed ai 
the Dece<ifeofB, in cafe A is then deceq/ed al/b. 

R VLi. Subtrad the value of the ddefi life from the value 
of an annuity for as nuioy years as are ezpreiTed by the com* 
pkment of B's age 1 then fiiy, as the complement of the 
yoKDger life is to the remttoderi fi> is the propofed fum to 
lis pident value. 

ANNUITIES UPON TONTINES. 

PROBLEM IX. 

To find the Value of an Amtuity far either Per/on of 
two, who have a joint Annuity, which at the De- 
ceafe of either one, is to lecome the fole Property of 
the Survivor. 



^ Tbe perpecaitf t or valve of «o annuity to coatinne for e? cr , Is found 
hf dhridins lool. Vy ibe race oC Intereft p^ cent, or by dividing i^ Vx 
the imeicft of 1/. for a year ; and the quotient if the perpetuity, or?a« 
lue of an annaity of it to coiuiniie for ever. The perpetuity is alio 
cqJd CO the nomber of years piircfaafo» which a perpetual annuity is 
worth, without aUowift| any hitcreft 
VoL.1L K Rule. 
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RcLE. From tbevaioe of the lifb of eilbcr of the tm 

pe"on:, I'lbract half :he value of the two joint livci, ail4 
the r^!TJiic(ter will be the value of the other peribo'i life. 

PROBLEM X. 

What is the prefent value of an annuity to be poiTefled by 
D and bis beirs^ as foon as any two of the three lives, A, B» 
and C, become eztinA; D and his heirs holding the iame 
during ilie life of the furviv-.r of the three Kves, A, 6, C ? 

Rule. Add thrice the value of the three joint lives, A, B, 
and C, to the fum of the value of the three (ingle lives, de- 
ducing therefrom twice the f Jm of the value of each two 
joint Tivci : \!z. — of A and B, A and C, and B» C ; and the 
rental oder will be the aiif.rer. 

PROBLEM XL 

What is the value of the right of any one of the three foi* 
lowing perfons : viz. — A, B, and C, who enjoy an annuity 
equally among them, which, upon the doceaic of any one, 
is to become the propeny of the ti^o lurvivors, durin); their 
joint lives, and on the deceafe of the next perfon to become 
the property of the lad furvivor during his life ? 

RuL^:. Mibrnufl half the fum of the values of the joint 
lives, A and 6, and the joint lives of A and C, from tlie 
value of the life of A ; then to the remainder add one third 
of the value of the three joint lives, and the fum will be the 
value of the right of A. The value of the right of either of 
tl:c other parties may be found by a fimilar method. 

PROBLEM XIL 

What is the value of the two fuaefllve lives, A and B, A 
leaving au annuit}* for life, and to have the nomiaatioo of a 
fucccflbr. who is to b^^ld the annuity for hit owa life, after 
ihc dereafe of A ^ 

t Rv&F. 
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Rule. Multiply tbe value of the life of A, by the value 
of the life put in at his deceafe; divide the produd by the 
peq)etuicy, and fubtrad the quotient from the fum of the faid 
values, and the remainder will be the anfwer. 



SECT. IV. 



OF ASSURING LIVES. 



13y afluring a life, is meant, obtaining fecurity for receiv- 
ing a certain fum of money, lhould»the nifured life fail in a 
certain given time : in confideration of which, a premium is 
given to the alTurer, which is a fuiiicient compenfation for 
the lofs he is likely to fullain, in cafe the life (houJd drop. 
This compenfation, called the premium^ is varied according 
to the two following caufes :-*Firfly The rate of intereft at 
which the money is fuppofed to be improved ; and, fecond- 
ly, the probability of the duration of the life to be affured. 
Ifthebtereft be high, and the probability of life high afo, 
tbe value of the alTu ranee will be low in proportion : on the 
contrary, if the intcreft be low, and the probability of life 
alfo low, the value of the aiTurance will be proportionab'y 
high. For example: — Let xoo/. be fuppofed to be affured 
on a life, for t year; that is, let 100/. be payable a year 
hence, provided a perfon of a given age dies in that time. 

K 2 Now, 
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Now, if the interdl of the money be { ^ «wi. and the tife 
/wre * of failing, the value of the aflurance would be the iame 
ai the prefent value of tool. pa)rable at one year's end, tec* 
koning intcreft at 5/rr «f»/. and would be that fqm, which 
being put out to intereft now, at $ fer cent, would produce 
the 100/. at the end of the year, which fum is 9(/« 4/. 9^. 

If it be an even chance, or the odds are equal, whether tlie 
life does or does not fill in the year* whkh is the cafe when 
one half of a given number of lives fail in a given time, the 
value of the alTurance will be half as much as the former va« 
lue, or 47/. Hi. \{d. 

If the odds againft the perfon's life falling are two to ooe^ 
which is the cafe when one third of a given number of lives 
fail in the time, the value of the aflurance will alfo be one 
third of the firft vahie» (if the inteicft be the iame), or 
31/. 14/. lid. 

If the odds are nineteen to one againft the life filling, 
which is the caie when the twentieth part of the lives fail in 
the given time, the value of the aflu ranee will be a twentieth 
part of the firft value» or 4/. 154. a|//. 

Ifthe odds are fiorty-nine to one againft the life fuling, 
or when only one out of fifty of fuch lives fiils in the givea 
time, the alTurancc will be only a ^tieth part of the firft va« 
lue, or iL i8i. iJ. 

Now the odds of two to one, according to Dr. Halley'a 
fable, are, that a life aged 8( yean will not drop in a year. 
The odds of nineteen to one arc, that a life ag^ 64 will not 
drop in a year. And the odds pf forty-nine to one are, that 
a life aged 39 will not drop in a year. Therefore, the value 
of theaifurance of 100/. for one year, 00 a life aged 85, is 



By thii word » to V und^rflood a crrtainty, iccordin|; to the ci!- 
:»:'itiont from the taMri, 

5 J^ 
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31/. 14/. iiJ.i — on a life aged 64, 4/. ijj. a|i/,;— on a lift 
aged 39, i/. x8i. i^. at 5^r ^nr/. intereft. But if iotereft be 
feckooed at 3 fer cenu thcfe three values will be 3s/. 71^— 
4/. iji. — i/. i8i. tod. refpeftively. 

This calculation fuppoies the value of the aflunmee to be 
paid in one fingle prefent payment, • But the value may be 
paid in annmal paym^Mis^ and be continued till the fiulure of 
the life, ihould that hi4>peo wklna the |;iven term; Off if 
not, till the determioatton of the tisie. 

The value of an aflurance upon a life cannot be dUbovered 
by any one ignorant of the method of calculating the value 
of life annuities^ delivered in the ibrmer part of this chajNer. 
But thofe who underftand what has been delivered, mxf form 
any calculations upon this /ubjed, firom the following eip 
zwples : 

Example. What money in hand, and alfo in annual pay- 
ments during lifl^ ouglit a peribn of a given age to pay for 
a g^ven fum of money, payable at his death to his heir ? 

RuLi. Subtra^ the value of the given life at the rate/ir 
tfsi. as given in Table V. from the\)erpetuity ; mnhipi^ 
the remainder by the produd of the fum to be afliired^ and 
the rate of intereft for a year; divide this laft produA bf 
lOoL increaied hy its ioterieil for a year, and the quotient 
will be the anfwer, or the money which ought to be given in 
;i fingle prefent payment; aod this payment divided hy the 
value of the life, will quote the fum that ought tQ be paid in 
annual payments during thie whole continuance of life. 

CASE I. 

Where the Premium is to le paid immediately ^ in a 

Jingle Payment. 

Question i. What premium (hould be given to fecure 
100/. at the deceafe of a perfou aged ^5 years, intereft 3 fer 

1' Operation, 
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Operation. 

The perpetuity 33-333 

The viloe of the life by 
Table V. at 3 /rr rAi#. xft.3 



Remainder 1 1*033 
The given fiun ronUiplicd 
by it! intereft 300 

103)^309*9(^1 'S^Ki^ Anfw*er. 

Thus it appears that 6i.s6ii6, or 6i/. $x. %^J, is the 
premimn which ought to be iaimediately paid to fecure loo^ 
00 tiiedeteafe of a perfon aged 4; years, at 3 ^ cent, per 
, according to the probability of life for London. 



CASE IL 

tFkem the Premium is io he paid m Jixed annual Pay^ 
meniSp dwritig the whole Continuance of Life. 

QUESTION s. What money fliould be giren in equal an- 
nual payments, during the life of a perfoa aged 45 years* 
to fccore too/, on the deccafe of the faid perfon ; intereft at 
^pertetti* per mmmmmf 

In this cafe, the valtie of the afliirance in one prcfent py« 
ment is to be found as in the foregoing cafe, which value 
divided by the value of the life, quotes the fum to be paid 
annually during the Itfe of the perfon: — ^Thus, 6i.a6ii6 
divided by 12.3, quotes 4-98, or 4/. 19J. 74/. whicli is the 
fiirn to be pid annually during life, in order to fecure the 
(um of 100/. at the extindion of the fai J life. 

If 



DOCTRINE OF ANNUITIBS. ft 

If the foregoing qneftions be repeated, reckoning tile in* 
tereft at 3 1 fer cemi. per imuumy the premium will be lefin 
viz. in one prefent payment at 3! fer cemi. it will be 57/. 
11/. aod the annual paymentt 4A. i9x. 7!^^ 

Thus it appears upon what very eafy terms a bu^ fum of 
money might be fecured at the deceafe oi any perfon, if the 
premium be paid by annua! payments. Hence the great ad> 
vantage of inftitutions for the afliiraoce of lives, provided 
they be properly conducted, and managed by perfoos fuffid* 
ently ikilled in numbers to avoid errors in making their cal- 
culations, which are moft detrimental to focieties of this na* 
ture, and from which there are hardly any of thefe infKtu* 
tions exempt. 

AiTurances of this nature might l»e extended confiderably 
more than they aie at prefent ; and rendered not only fub* 
fervient to the parochial poor, but alfo of infinite ad\'antage 
to the nation at large, particularly to the revenue in a finan« 
cial refpe6^, were the fubje^i to meet the approbation of the 
legiflature ; and perhaps more pecuniary affiftance might be 
derived from efiablilhments of this nature, under proper 
modifications, than fronn any other mode of funding, and 
creating permanent debts, as I (hall prove in another treatife. 
When an eftate, or a perpetual annuit}', is to be afllired 
for the duration of another life, after the failure of the 
aiTured life, infiead ofaffuriog a grofs fum, the value of a 
fingle payment will be the value of the life fubtraded from 
the perpetuity, and the remainder multiplied by the annuity, 
or by the rent of the eftate. And the value in annual pay« 
ments to begin immediately, will be the fingle payment di- 
vided by the value of the life, increafed by unity. Therefore, 
an afifurance of an efiate or annuity, after any given life or 
lives, is worth as much more than the afiurance of a corre- 
fpondittg fum, as 100/. increafed by its intereft for a year, is 

greater 
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greater than looL Thus the prefent viluei, in fiogle and 
jnniial payments, of the afltirtnce of an eftite of 5/. fir 
mumm for ever, and of 100^ in vooaeff are to one another 
as 105/. is to looL The reaiba of the diffiBrcoce is, that 
the algebraical calculations, by which thefe ralues are de- 
ttmmed, liippofe the grofii Aim and the firft yearly pajrment 
of the aoDiiity are to be fCoeiTed at the iiunc time, after the 
cspiration of the life or lirea. 

The examples here gtren will be found fuCctent to ii»- 
ttntBt any perfeo in the method of finding the vdiie of an* 
■uities, in all cafes of revcrfioos : as alfo in the principlet of 
aflurancet upon lives* 
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CHAP. XL 



OF LOCARltHMa 



S^CT. I. 

OF THE ORIGIN AMD NATORB OP LOOABITaMS. 



L 



rOGARITHMS are certain artificial numben, whidi arc 
the ratiof of otiier natural irainben; and ait the indices of 
the ratioofmunbcrt to one another; or, aferietofnunrfitra 
in an aridimetical proportion, anftrering to ai nMnjr otfava 
in a geometrical proportion, and in fudi a manDer, that o In 
the arithmeticals it the ?ndet df i in the geb tt e t iicah* Logi^ 
ridunt were invented for die eafe of arithmetical caknladotii^ 
where.the numbers, or operations, are large. 

The nature of logarithms depends upon tbde tadomt If 
a ieries of quantities increafe, or decreafe, according to dfe 
frmefw/ta, ituaSlMtLge^meirieaJfngrififmf asthemmibers 
<f ^ 4» ^ >^ 3*t which are multiplied bf a : if the fiaries or 
y ttmiti e s iDcreafe, or decreafe^ according to the iame dgfir^ 
MKV, it is called an aritbmetkMl frtgreffitth x the numbers 39 
6^ 9^ la, 15, 18, ftc. which increafe by 3, which is tfacte* 
lore calkd their common difference. Now, if undcrneadi 
tfie numben proceeding in a geometrical progreffion, be 
placed u many other numbers, proceeding in an arithmctfcal 
progreffion, diefe bft arc called the logarithms of the firft| 
•i in die following : 

Terms • i. a. 4. 8. 16. 3a. 64. laS. aj6. jza. 

Logarithms o. i. a, 3. 4. 5. 6. 7» 8* 9. 
Vol. U. L In 
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In this pro^ffion, o it the loprithm of i, the firft tenn : 
I the Iog;arichin of the fecood, which b t ; and s the loga- 
''ithin of the third term, 4, Sec 

Thele indioety or logarithim, may be adapted to any feries 
m a geomet r ical progreffion ; aiid» thereferci there may be aa 
many different kinds of indices, or logarithms, as there can be 
di&rent lunds of geometrical progreiEons ; u may be feen 
in the following feries :*- 

Log. • .0 I. a. %. 4* $• &c« 

{I. a. 4. 8. i6« 31. &c/ 

ora**. a'. «». «'• «♦• a*, ice. 

I. 3« 9* ay. 8i* 843. &c. 

or 3°. 3'« 3*. 3». 3*. 3*-^c- 

t. 10. 100. XOOO. lOOOO. TOOOOO. &c 

or 10^. ID*. i6*« id'. io^. xo'.&c* 

Here the fame indices* or logarithms, fare for any of the 

fix imder-written geometrical feriea, from which it appears, 

that there may be an endlefs variety of fets of logarithmtt 

adapted to the fame common numbers, by varying the fecond 

tenn of .the geonDetrical ieries, as this will change the origi- 

• nal feries' of terms, whofe iodicea are the numben t. ^ 3. 

. tec. And by interpolation the whole fydem of numbers naj 

be made to enter the geometric feries, and receive their pio- 

portaonable Ipgarithms, whether they be btegen or ded- 

mals. 

The logariAm of any nomber is the index of fuch apower 
of ibme other tfumber, as ia equal to the given one involved 
fo the power denoted by the index of the other number. 
Thus, if N be equal to r*, then the logarithm of N is n, which 
naay be either pofittve or negative, and r any number what- 
ever, according to the different fyftems of logarithma. 
When N is one, then n is o, whatever the value of r may be ; 
and, confequentiy, the logirithm of i is always o in every 
lyflem of logarithms. But in the common fegarithnit, r it 
equal to 10 ; fo that the common logarithm of any number 
is the index of that power of 10, which is equal to the faid 
number : thus the cooiinon logarithm of N^ 10", is a the 
3 index 
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iiidex of the power of xc-^For example :-*iooo being the 
third power of lo, has 3 for its logarithm : tni if 50 be = 
10'*^'*'', then 1.69897 is the common logarithm of jo ; 
ftom which it will fidlow, that the fbllowiog decimal feries 
of terms will have the following logarithms refpe6tive1y : 
TheG<»ine.r looo, lOO, lO, 1, .ly .01, .00< 
Uic Series, -^^r loS lO*, lo', lO% ICT"* ID"-* ''*-* 
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Logarithms 3, s, i^ o,--i, — «, —3. ' 

The logarithm of amimber, which is contained between 
any two terms of the firft feries, is included between the 
two correfponding terms of the latter fcries ; therefore, that 
logarithm will have the timt index, whether poiitive or nc* 
gative, as the fmaller of theie two terms, together with a de- 
cimal I'raAion, which will always be pofitive* Thus, xht 
number 50 fallmfr between the numbers 10 and 100, its lo- 
garithm will ^1 between i and a^ being eqaal to x.69897 
nearly ; and the number .05 fidliog between .x and .oiy its 
logsrithm will fall between — ^i and —a, and is equal to •— % 
<l*-$9897, the index of the lefs term, together with the de- 
cimal .69897. The index is fometimes called the charac« 
tcrifiic of the logarithms, and is always an integer, either po-' 
fitivc or negative, or elfe o, and (hews what place is occu« 
pied by the iirft ilgnificant figure of the given number, either 
above. ^or below the place of units, being in the former cafe 
pofitive, and in the latter negative. 

When the charaderiiUc of a logarithm is negative, the 
Cgn .^ is commonly fet over it to diftinguilh it from the de** 
cimal part, which being the logarithm found in the tables, 
if always foGnye ; thus, the logarithm of .o; or — a -|- .69897 
is writttp thi|SyT«69897« But when it is required to reduce 
the whole expreifion to a negative form, it is done by makin]^ 
the charaAerifiic lefs by i, and taking the arithmetical com* 
plementof thedecin»l; that is, beginning at the left hand, 
fubtraft each figure from o, except the laft fignificant figure^ 
frhich is fubtraftcd from 10 ; then will the reoiainder form a 

L a Jpgarith% 
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legtritbm, wholly ncgatiTe : thusi the •foftmentioQed lo^« 

nthmik69897f or— s+69897 if cxpieffed by ^1.301031 
trbich is ^ nq;ative. Somietiinci it is coareaicot to exprcft 
the Icfsrithm as pofitivei which is done by joining 10 th^ 
tabuhrdedmal, the complement of the index to 10 : tbiis» 
the above logarithm is eiqvefled by 8.69897, which is onljr 
increafing the indtoes in thefeak by xo. 

From the feKgoing definitions of logarithms, oonfideied 
titber as the indaoes of a geometric ftriesy or as the indices 
#flfae powers of the fiune toot, it appears, that numbers may 
be multiplied together by the addition of their logarithms : 
and they may be diinded by the fubtradion of their logarithma. 
AUb a number may be railed to any power liy multiplyiog 
thelog^thmoftheiootby the index cf the power: and the 
cxtraAioa of roots may be peribmed by dividing the logi* 
rithm of the given number by the index of the root iequirc4 
to be extrafied* 

Logarithms coniidered in their theory, aneof very ancient 
origin, and were known to moft of the andcots; but thn 
celebrated John Napier, Baron of Mcrchifloo, in Scotland^ 
wu the firil who applied the ule of than to Trigonometry 9 
butthefiDrm of their oonfiruftioo was not made known till 
the <qmiion of the mathematicians was had concerning them. 
His foo, Robert Napier, in the year 1619, publiibed a ne« 
edition of his father*i work, with the coofirufiion of Iqga* 
rithms. And in the fame year Mr. John SpddeUpubKthed 
an Improvement of Napier's Logurithms. 

Other Tables were foon after pvbltlhed by John Kepler^ 
and Ibme othen ; all which tables were of that kind, calleA 
Hyperbolical ; becaufe the numben expreffed are as betweeo 
the afymptote and curve of the hyperbola. 

H<nry Briggs, Profeflbr of Geometry in Greflia|n College^ 
ioon after published the logarithms of the firfi one thowiand 
numbers on a new feale : via.— In which the logarithm of 
the ratio of 10 to i is 1; whereas the logarithms of the (uk^ 

ratio 
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ratio in Napier's iyfiem ii ••30158, &c. And in 1624 h^ 
alfo paUiflied his Aritbmetica Ltgariibmicay containing the 
I(>garithms of 30,000 natural numbers, to 14 placet of 
figuret, befidet the index, which form was FccoiRinendtd to 
him by Na{Mer, and which is the form in prefent vfe. 
In 1633, he publiflied, to 14 places of figures, his 7ngM9» 
metrts Britmunica^ which contained the natural and loga- 
rithmic figns, tangents, fecants, frc. 

From the time of Robert Napier, to the prefent period, 
fercral mathematicians publifhed logarithmic tables, with va« 
pous improvements; the principal of which were Gunter, 
Wingate, Hcnrion, Miller, and Norwood, Cavalerius, Vlac<], 
and Rowe, Frobenius, Newton, Caramuei, Sherwin, Gar- 
diner, and Dodfon. 

In addition to what has been bid, it may be obfenred, 
that the indices or charaderiftic of logarithms correfpooil'to 
the denominative part of the natural number, as the other 
flKmber of the logarithm does the numerativepart ofthe 
number ; that is, the index (hews the denomination of, or 
place of the left hand figure of the number, sndconfequently 
•fall the reft. Thus, o affixed to a logarithm, denotes the 
firft figure of the number to which the logarithm anfwcrs to 
be nothing diftant from the place of units. The index t 
ihews the firft figure of the number to be diftant i place fron^ 
the plaoe of units ; that is, in the place of tens, and coofe- 
quently the number itfelf to be either 10, or foine number 
between 10 and xoo ; and the fame may be obfcrved of all 
the other indices. Therefore^ all numbers that have the fame 
denominative, but not the fame numerative parts, as all 
numbers from x to 10, from 10 to 100, &c. will have loga- 
rithm^ whofe indices are the fnme, but the other members 
different* And again, all numbers, which have the fame 
numerative, but not the fame denominative parts, will have 
different indices; but the reft of the logarithms will be the 
fame. If a number be purely decimal, to its logaiitlim is af- 
fixed a negative index, (hewing the diftance of its firft figni- 

ficative 
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ficative figure from the place of tinitt. Thut |he logarithm 

of the decimal •2$6 is 1.408240; that of the decimal .0256 

{•^•408240. Infiead of thefe negative indices^ fome ufe 
thdr complements to 10, fet down with a point od each fide, 
thui, .9. and .8. that 11, fuch a figure U made the inJsx at 
when 6ibtra6led from 9, leaves a remainder exprcfling the 
number of cyphers prefixed to the decimal, as before obr 
ienred. 

mssBaBSsssssassamBsssssssssassamm^m^ 

SECT. U. 

OF THF. ARITHMETIC OF LOGARITHMS. 

From what has been faid, the learner may have acquired 
a tolerable idea of the nature of logarithms. The confhuc- 
tfon of the logarithmic canon requires more room than is 
confident with the prefent treatife. The table of logarithms 
b generally printed in a table confifting of nine coli^nms^ 
bcfides the column of natural numbers and that of the dif-» 
ferencety except that part of the table which contains the k>» 
garitlum of numbers from i to loo. 

To Jittd the Logarithm of a Namber, or Me Kiimbsf^ 
corrrfpopidiiig to a given Logarithm. 

If the given ntimber be under ioo« the logaiithm is found 
at once in the table, (landing oppolite the number : if the 
given number be above 100, and under 1000, its logarithm 
wtU be found oppofitc to it in the column under o : if the 
number be between 1000 and ioooo» the firft three figures 
of the number are to be found in the column marked No, 
and the fourth figure at the top of one of the other columns^ 
and in the column under f he faid fourth figurci and even with 
the firft three figures, will be found the logarithm required, 
changing the index 2 into 3. 

If 
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If the given oumlier be greater tlian any in the commoa 
canon, but left than looooooo, cut off four figures oa the 
left of the given numbert and find the logarithms thereof as 
before dire^ed s then multiply the common difference which 
fiands againft the logarithm in the column marked Differenct^ 
by the remaining figure or figures of the given number, 
and from the produf^ cut off as many figures from the righc 
hand fide as you multiplied by, and add the remainder to the 
logarithai of the firft four figures of the given number, 
fitting it with a proper index. Thus, if it were required to 
find the logarithm of the number 9237$ : the logarithm of 
the firft four figures 9A37 is 3*9^SS3^) ^^^° 47 n^ultipliod 
by 5=235, therefore, cut off 5 and add 13, and the required 
logarithm (proportioning its index) is 4'965554. 

To find the Number correjponding to any Logarithm, 

Seek the logarithm in the tabic, beginning in. the column 
under o (negle^ing the index); and if the logarithm, or the 
two or three firfl figures thereof, cannot be found in this co- 
lumn, feek them in the other columns ; and having found it 
on the next lefs logarithm thereto, lineally againll it in the 
column of numbers are the three firii figures of the number 
fought, to which joining the figure over the column of the 
logarithm, you have the required number ; when the num* 
ber confifis of four places of figures, i. e. when the index of 
the logarithm is 3 ; but when the index is i, the two laft 
figures of the number are decimal, and only the two firfl 
numbers integral: when the index is o, the firfk number only 
is an integral, &c. 

Thus, to find the number correfpnnding to a logarithm is 
the convcrfe of finding the logarithm of a number. 

To multiply or divide Numlers hy IjOgarithm.^. 

Rule. To multiply two numbers together, add their two 
logarithms together, and their fum will be the logarithm o( 
the produd, adding to the affirmative indices wliat is carried 
from the decimal paits ; and if the indices be o'le afHrmative^ 

and 
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8nd the other Degative, the difference ii to betaten for the 
index to the logarithm of the produd. 

The reafon of this rule is evident, for as unity it to one of 
the £idors fo it the other fa6lor to the prcxhiA. Thus, the 
logarithm of the produi^ is a fourth equi«diffi»rent term td 
thelogarithm of unity and thofe of the faftors; but die lo* 
garithm of unity being o, the fum of the logarithms of the 
fliAors mud be the logarithm of the fiiAum, or produfi. 

Therefore, at the fa(^or8 of a Iquare are equal to each 
other, that is^ a fquare is the fiftum or produ<5t of its root 
multiplied into itfelf; the logarithm of the fquare will be 
double the logarithm of the root. 

Therefore, unity is to the exponent of the power, as the 
logarithm of a root to the logarithm of the power. 

From hence it appean that the logarithm of the cube it 
triple the logarithm of the root ; the log^thm of the biqua* 
drate, quadruple that of the root ; the logarithm of the fifth 
power quintuple that of the root ; that of the fixth power 
(Sextuple, &c. 

To perform divtfion by logarithms, fubtrad the logarithni 
of the divifor from the logprithm of the dividend, and the 
remainder will be the logarithm of the quotient, flrft chang- 
ing the Egn of the logarithm of the index of the divifor^ and 
if they be of different figni, the difference b to be taken, but 
if of the fame kind, their fum. 

For as the divifor n to the dividend, fe is unity to the 
quotient; therefore the logarithm of the quotient is a fourth 
equi-dlfferent number to the logarithms of the divifor, the 
dividend, and the logarithm of unity. The logarithm of unity, 
therefore, being c, the difference of the logarithm of the di- 
vifor, and that of the dividend, is the logarithm of the quo- 
tient. Fur the difference between 7 and 5, or the remainder, 
is 2, which i^ the logarithm of the quotient 4, which quo- 
tient is obtained by dividing it8 by jt. Alfo, fubtraAing 
3 from 8, the remainder 5 b tlie logarithm of the quotient 
32, which is obtained by dividing 156 by 8. 

ExMwtflei 
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Examples in Muk^tkatioHk 



Nmm* Log* 

Mttkiply. 68 1.831509 

Bj II s«b79i8i 

Pmdu^ 816 1.911^ 



EXAMPLK Mm 

Nmmm Log* 

Multiply 9 0.954141 

B7 9 0'954*4^ 

8f 1.908484 



ExAMPU 3. Multiply 3.901, aud 597.16, and .03 147189 
coatinuany together* 

Example 4. And alfo multiply 35.86, and 1.1046, and 
6.837i> and 0.0194, conti&ually together. 



Nmm, 
3-9«>». 

. 597- ''i 
.03147.8 

73r 33S33 


^•0 
o.S9i»«73 

•• 77*0907 
*-49793S3 

!• 8*53 1 33 


Nmm. 
35.86 ■ 

1. 1046 
0.8371 
0.0194 

• 1857618 


Log* 
p. 5546103 

0. 313.1696 

1.9228191 

"a- 4683473 

i.i68oc64 




■• ^^^"Tf^ • 



In the laft example the 1 carried from the decimals cancelf 
rheT, and there peowinsTto be fet down ; and in the third 

« 

example, the T cancels the 1, and the i carried from the 
decimati is fet down. 



Examples in Divifian* 



EXAMPLt I. 

Nam. Log, 

Pit. 14163— 4-383«S09 

By 4567— 3- 65963 «o 
Quo. 5.190781 — 0.7135199 



EXAMPLI !• 

Nmm. Log. 

Kv. 37- 149— '•569947' 
By 5*3-76— ». 71913*3 



Qyo. 07092751— i.8;o8i48 



Vol. 11. M 



In 



82 OP LOGARITHMS^ 



In the lad example, the i carried from the, decimals it 
added to the 2, which, with its fign, changed, becomes "3; 
confequently the remaioder, or index of the quotient, isT. 



EXAMPLI 3* 
Num. L»2* 

TM. .06314— 0.8003046 
By .oo7«4i— J. 8597985 

Quo.8. 7r9792— 0.9405061 



Example 4. 

^'^* -743^ — 1. 871456* 
By 12.9476— 1. 11S1893 

Qgo. 05744694— T. 7592669 



In tlie third example, there is i carried from the decimals 
and added to the'J, which makes it 2 ; and which ukcn 
from the other T leaves o. In the fourth example, the 1 is 
takeufrom the i, which leaves a remainder s. 

Tojind the Logarithm of a Fradlon. 

RvL#. Subtrad the logarithm of the numerator from that 
of the denominator, and to the remainder prefix the negative 
fign. Thus, fuppofe it was required vo fiod the logarithm 
of the fradion ^. 

o. 845098 Logarithm of 7. 

o. 477 ft I Logarithm of 3. 

367977 = Logarithm off. 



The reafon of this rule is evident : for a fradion being the 
quotient of the numerator divided by the denominator, its 
logarithm mud be the difference of the logarithms of thcfe 
two : fo that the numerator being fubtra^ed from the deno- 
minator, the difference becomes aegitive* And the loga* 
rithms of proper fractions muft always be negative, if the 
logarithm of unity be o } becaufe a proper fraftion rs left 
than an unit. 

Or the logarithm of the denominator, though greater tluin 
that of the numerator, may be fubiraaed from that of th« 

3 Bumerat9s> 
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numcncor, rcfard being had to tiie figp of the iodex, which 
alone jo thit ciic it oegatiTe. That, 

0.477JSX Lojraritfam of 3, 
o. 845098 Logarithm of 7. 

X. 63sot3 = Logarithm of f. 

Thii produces the fame effcft in any operation as fhr 
logarithm before found, viz. — 0.367977, this being to be 
fubtraAed, and the other added. 

Or the firadkion maj be reduced to a decimal , and its lo- 
garithm fbuiid; which logarithm difers from that of a whole 
number only in the iodez^ which is to he negative. For an 
improper fraction, AibtraA the logarithm of the denominator 
from that of the numerator, and the remainder is the logs- 
rithoi of the fnidion, as in the firadion f. 

c. 9543425 Logarithm of 9. 
c. 6989700 Logairithm of 5. 

o. 15^2725 = Logarithm of f. 



In the fame manner the logarithm of any mixed number 
may be found, by reducing the mixed number into an in)* 
proper fraction. 

Or laftly, an improper fradion may be reduced to a mixed 
number, and its logarithm muft be found as if it were a 
whole number; and its index taVen according to the integral 
part. 

In addition, fubtraAion, &c. of logarithms, with negative 
and affirmative indices, the fame mles ^r^ to be pbferved as 
thofe given in algebra, for like and unlike figns. 

In addition of logarithms of this nature, all the figure*, 
except the index, are reckoned pofitive ; and, therefore, the 
figure to be carried to the index from the other part of the lo- 
garithms, takes away fo much from the negative index. Thus 

if 1.663326 be added to 3*698972, the fum is 1.562298. 

M 2 And 
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And in fubcnAkxH if otber one or both of the logtrnhmi 
have DcgatiTe indices, yon mud chtngt the 6ffk of the index 
of the fubtnhcnd, after you hav^ carried, to it what may 
arife from the decimal part, and then add the indices toge- 

ther ; thus, if 1.863316 be fubtraded ffomX56a298, the re« 
maiader will be 3^698972. In multiplication, what is car« 
ried from the produd of the other parts of the logarithms 
mufi be fubcraAed Anom the produft.of the indices; thus, .tf 

t*477iai be HBultipUed by |« the pcoduft will be ¥1385605. 
Jn dirifion, if the diviibr will exadly meafure^he index, 

proceed at in cxwnmon arithmetic* Thtis, 4,»9»478ft divided 

by a, quotes al46a39t 1 but If the diviibr will not exadly 
mcafure the index, add units to th^ fades till yon can exaAly 
divide it, and carry thefe uniti to flie next firi iiimib«'. 
Thus, if 8^385605 be difided by 5, if quotesT.477ier. 



Involution mid Evobitien. 

Imrolutioo is performed by mnkiplyiog the logarithm of 
the number given by the pfX>pofed index of the power ; and 
if the index of the logarithoi be negadve, the prodnA will 
be ncgathre; but what is carried from the decimal part of 
the logarithm will be affirmative ; therefore the diftnence of 
this carried number and the produft of the index will be 
the iadex of the product. 

ExAMf LB I. To find the ^nAe or third power of 3.07 146. 

Example a. To find the fourth power of .09163. 

Nmm. Lag. Num. l^g. 



Root 3. 07 146— o. 4873449 

3 

Pow.a8.97$7$^ i.46ao347 



Root .09163 — i. 96*037 7 

4 



Pow. 00007 04938- $^848 1 508 



Evolution is performed by dividing the logarithm of the 
power or given nunaber by its power, and the quotient will 

Ik 
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be the logarithm ef tW mot; ftnd wiMa tii^ index of the 
logarithm is negative, and the, divifor it ii«t exaAly coo* 
taiotd in it, without a reioainder, increafe the index of the 
logarithm by fuch a number as will make h exactly divifible; 
and carry the units borrowed, as fo many tens, to the deci- 
mals ; then divide the refults by the index of the root. 
Example i. To find the cube root of f ftS45« 

Examples. To find the cube root of •00048^ ■ "« 

# 

Nmwu Lag* 1 ^iiaai. ^^« i\ 

Pow. ia34S— 3)4.,o9i49ix \pow.. 00048 — j^CSuys 
Root 3«.iii6»— X.363S304 ] Root .ojBi^si— «.«93247» 

In the lad example, a is to be added to the 4, to make it 

become 6, in which the divifor 3 u contained sdaaes; aod 
the a borrowed it carried to the other figure 66f« ikc^i a^ 

iheiogarithmof theft)otisa.893747f« « ^^ 



SECT. III. 

OF TH£ RULE OP PROPORTION BY LOGARITHM^. 

> 

To perform the Rule of Proportion by Logarithms. 

RpLE. Add the logarithm of the fecond and third terms 
together, and from the fiiro fubtra^t the logarithm of the 
firft ; and the remainder is the logarithm of the fourth 
number. 

Example. Find a fourth proportional to the numbers 4, 

68, «d 3. ^ 

1.832509 



*6 
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i.83t5e9 Logtrithm of 69. 
0.477 ft r Logarithm of 3. 



mm 



^•309630 Suin. 
o.6oio6o Logarithm of 4* 

' -7^7 S 70 Logarithm of 5 1 , the an Aver* 

This mTe b founded on the lame reafon as the rule of pro« 
portion in common arithmetic ; for adding the logarithms 
af the feoond and third numbers together* and Atbtra^ing 
the logarithm of the firft from the Aim, is the fame thiog 
if onukipljriog the fecond' amd third numbers together, and 
dhriding the produA by the firft. 

Or the operation may be performed by the following rule, 
"ris. Againft the iirfl term write the arithmetical complement 
of its log^ritHihV tnd againft the fecond and third terms 
vrite the logarithms themfclves; and the fum of thefe three 
logatithmSy abating 10 in the index* will be the logarithm 
of the fotirth term ; thus, in refolving the aforcfaid qutftion^ 
the operation will ftand thus : 

9*39794^ Arithmetical complement of log. of 4* 
1.83a $09 Logarithm of 68. 
0ui77iti Logarithm of 3. 

1.707570 Logarithm of 51. Anfirer. 



The rdbiution of problems of this nature is of eminent 
ftrvice of trigonometry, as will be fccn hereafter. 
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CHAP. XIU 



Op trigonometry. 



\ 



i» • 



Definitions* 

t . Tr IGONOMETR Y it the art of finding ^I the fidet 
aod angles olF a triaoglcy from having any three of thefe, one 
of whkh^ at leaft^ muil be a fide. Or, to find the ratio of the 
fides, when the angles are given ; and converfely the ratio 
of the angles, when the fides are given. And it is founded 
oa the mutual proportion which fubfifls between the fides 
and angles of triangles, which proportions are known by 
finding the relations between the radius of the circle and 
certain lines drawn in and about the circle, called chords^ 
fims^ tangents^ fecantSy &c. 

For this purpofe, the circumference of a circle is divided 
into 360 parts, called degrees ; and every degree fiibdividtfd 
into 60 other parts, called minutes, and every apnute into 
60 feconds, and every fecond into 60 thirds, &c« and any 
angle is faid to confift of fo many degrees, minutes, and 
feconds, as are contained in the arc, that meafures the angle; 
or that is intercepted between the legs or fides of the angle ; 
the point of the faid angle being at the centre of the. circle. 

": a. The 
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•• The c0ti^imeut of an arc is the difference between tl 
arc and a quadnmt. 

3. The fmf^fmtmt of an arc it the difference between tl 
arc and a femicircle. 

4. The right fimt of an arc^ connioalj called the/W^i ii 
perpendicular falling from one end of the arc, to the radiv 
drawn through the other end of the Ciiiie arc, as D £ (fig. 
plate 9) it the fine of the arc D B, and it it alwayt equal 
half the fubtenfe of doable the arc. Thus^ D E is equal 
hadf of DO, which it the fubtenfe or cfiord of the arc D C 
and the arc D O is double the arc D B. Hence the fign 
an arc of 30 degrees b cqval to one half the radius, becai 
the chord of 60 degrees is equal to the radius. 

5. The^< f m fUmtmi of an arc is that part of the radi 
nteirepted between the centre and the right fine, as C 
and is alfo the fine of the cofnplcnent of the arc to a qi 
dram ; for C £ b equal to F D, which is the fine of the s 
DH. 

6. The c9fii€ of an arc is the fiime as the fine complemc 

7. T^it ^ferfeJ /ue is that part of the radius intercef 
bctMceii the right fine and the rircumiertnce of the ci 

as EB. 

■ 

8. The tmmgent of an arc Is a perpendicular drawn 
the extremity of the radius to the fecant, as B G, wb 
the tangent of the arc D B. 

9* The ficaut of an arc is a line drawn from the 
of the circle, through one end of the arc, till it mt 
tangent; as CG. 

* 10. The c9/ecant and e9tamgent of an arc is the fe 
tsngent of that arc, which is the complement of tb 
arc. And the chord of an arc, and the chord of itf 
ment to a circle, is the fam* ; fo likewife the fine 
and (ecant of an arc are the fame as the fine, tar 
fecant of its fnpplemenc or complement to a 
Thus, the fine E D, the ungent B G, and fee; 
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, The JfBi.» fottj is the g realcft fine, being the fin« of an 
I an 'if ya ilegi'ccs, or one quarter gf a csclc, %ai it «jimI to 
rt the tiKle. 

; Thta, ihe fine* Always mertafc frocu B, *l whieti ftta 
Ary are nndiing, tilt ihey came In the radioi C H, which » 
tJic greJKft, being \1k fine lotw. Frotn hence tbcy dei:reafc 
all the way jlong the frcund qtiadnot from H lo A, »aA it 
Itnglh TinilTi it the point A ,- whctebf wc (tc that the fine 
of the fctntcirrlc B H A, ii nothing. Aher ihi*, ihe fine* 
ire nepttve, ii ihey prnceed ilong the iwxi femicitde A O 
6. being drawa oa the oppo^tc tiJe, or dotrnwird*, from 
the iliaincter A B. 

At D E U the rofinc of D H : tJie fine, cnfine, Hud rndins 
fifanyarc forma right-angled Iriangfc; m, CDK, orC DF; 
«f triiicti, the radiui C D I't the hypothenurc ■ and thervlbre 
ibe Iquare of the ndiui h eqaal to the fum of tbe fqimrctof 
die fine nad solinc of any arc. 

Tbe fiuet, cottQe5, Isi^cntt, ttc of every degree and mi- 
iHitc, in a qgadranr, arc tAJcubied to a radhii of i, and 
nngcd in tablet for ufc. But to (hortm the opentioti in cil- 
cnlaiioai in trigonomeuy, we ufe the logariibmi of them, 
mflead of the neural numhcn, whith art called the ttrritii-iAl 
finet, tai^enii, &c. and iheiie nmnhen fo ranged in tablet, 
ibrm the irigonomeiricM canun ; and oonitin every fpecicl 
of right-angled triangles; fo thai ni> triangle cnn he pro- 
ofed, but one fimiUt to ii can be fiTiwitl there iiy coiDpariCixi, 
with which the propofed one m«y be cumpuied by ■n:i1a)U' :)f 
proporrioo. Lallly, fometimes tbe proponi-m i» not exprcff- 
«d iu Qtimbcri ; but the lei rral fine", nngenit, &c. are ac- 
nnlly laid down II poo hneiuf Icaln; iram whence tlie line of 
fintti of tangents. Sic. on the plane fca'e, the coaAruAioa 
and ufc of which follow : — 

Tbe plant /eait'xi a m.itheroalical Inflrnmentof mnfteit- 
tenfivc ufc, commonly two feet in length. The lines iifuilly 
• "Tbt-B. « i dflwa 
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drawn upon it, are the following :— i. Lines of cf}ual partfc 
ft. Of Chords. — 3. Rhumbs. — ^ Sines^— 5. TaaganU*** 
^. Sccanu.— 7. Seini-cangents,<*-8. Longitude«*4Uid 9. La»> 
tude. (Fig. a.) 

z. The lines of equal parts are of two kinds: viz.— fim* 
ply divided, and diagonally divided. The firft of tbele are 
formed by drawing three parallel lines, and dividing them 
into any number of equal parts, by ihort lines drawn acroia 
them ; and in like manner f ubdividing the firA divifion into 
ten other equal fimaller parts, by which numbers or dimcn. 
fions of two figures may be taken off. Upon (bme rules 
fcveral of thefe fcales of equal parts are ranged parallel to 
each other, with figures fee to them, to (hew into how many 
equal parts they divide the inch ; as so, ^St 30» &c a. The 
diagonal divifions are formed by drawing eleven long parallel 
lines, equidiftant from each other, which are divided into equal 
parts, andcroiled by other (bort lines, as the former; then 
the firfL of chefe equal pans have the two mitermoft of the 
eleven parallel lines divided into tea equal parts, and tlie 
points of divifion conncAed by diagonal lines, as (hewn in 
MenfuratioD. The whole fbale is thus divided into dimen^ 
fions of three pbcea of figures. 

The other lines upon the icale are commonly u(ed in Tri» 
gononwtry, Navigation^ Afironomy, Dialling, &c. &C and 
are all conftrudled firom the divifions of a circle, as folbwa ^>» 

a. Defcribe a circle* with any convenient radius, and di* 
vide it in four equal parts, by two diametcn, drawn at right 
a^igles to each other, (JS^. a.) Continue one diameter C D 
towards F, and draw the tangent line £ A, parallel theicto ; 
then draw the chords D Aand D B. 

3. To conlkuA the line of chords, divide the quadrant 
A D into 90 equal partb : then on A, as a centre^ with the 



• Only half tijf circlf i^ dr:iwn in the figure foi wsni of roorai b« 
,.: ^'.niidlacoRipicte circle 'n formed. 

ft compaflcs. 
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GooipfllTeSy tniMfer tlide divifioDt Id Che chord liae A P, 
wbioh mark with the correfpondrng Dnmbert, and it will 
become the line of chords, which mijr be tnntfcrred to the 
rater. 

4. Forthelne of rhumbs^ divide the quadrant B D into 
eight equal parts : then with the compares, from die centre 
B, transfer the divifiofis to thelineBD, which will be the line 
of rhumbs. 

5. For the line of fineti through each of the divifions of 
the arc A D dnw rig^ lines poxilkl to the ladins D Ct which 
will divide the radius A C into the fines, or verfed fines; 
numbering \t from C to A for the fines, and from A to C for 
the verfed fines. 

6. For the line of tangents, hy a ruier on C, and the fe- 
veral divifions of the arc A D ; and it will interfe^ the line 
X A, which will become a line of tang^ts, transferring the 
numbers from the arc A D to that line. 

7. For the fine of fecants transfer the divifions from the 
tangent line to die line F D with the compaiTes, and from C 
as the cen tre, marknig the divifions with the correfponding 
lunnbers on the tangent line. 

8. For the line of femi-tangcnts, lay a ruler on B and the 
feveral divifions of the arc A D, which will ]nterfe6^ the ra- 
dius C D in the feveral divifions of the femi-tangents, which 
are to be numbered according to the arc A D. 

9. For the line of longitude, divide the radius A C into 
60 equal parts, through each of thefe draw lines parallel to 
the radius CD; the points where thefe lines interfe^ the arc 
A D are to be transferred with the compares from A as a 
centre to the chord A D, and numbered thereon, which will 
give the Ime of longitude. 

10. For the line of latitude, the femicircle ADB fflnft 
be completed to a circle, then a ruler laid on the point D, 
atid on the feveral divifions on the line of fines, A C will 
ioterleft the next quadrant of the circle, in as many points $ 
wfaeo fipom the oppofite part of the didcto X), Ck dtt centre* 

N» the 
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cbe ioterfedionft of the arc are to be traosfenvd to ill choid, 
and nucnbered according to the numbera on the line of finct* 

The chief ufis of the lioct of fines^ tanfems» iecanta, mA 
(emt-tangents, are to find the poles, and centres of the fevetai 
circlet, reprefented m a projection of the fphere* 

I have been mote paiticular in deferibing the conllni6Uoa 
of this icale» as it is an ioftrument in mot general ufe in nu/- 
theoiatics : and by the foregoing dixe^Hons the learner m^ 
oonftnidl any lines on the icale hknielf, where there happens 
not to be a mathematical infirtiment maker ni^ at hand, 
and place them gna rule, as feen /g. 3, 



SECT. I. 

OF PLANE TRIGONOMETRT. 

The three methods of relblving triangles, or eaies in tri- 
goimnietnr, arc :— i. By geometrical con ftniftion. a. Arith- 
metical computation. And, 3. Inftnimental operation. In 
the til ft method, the triangle is conibruded, by diawin^ 

and Uying dou u the fcveral prts, viz the fides from a 

fcale of equal pans, and the angles from a fcale of chords, or 
other inaruincut : then the unknown parts are mttfured by 
the fame fcales ; and thus they become known. 

In the fccond method, the terms of the propoition are 
ftated according to rule ; which terms confift partly of the 
numbers of the given fides, and partly of the fines, &c. of 
angles taken from the tables 5 the pro^rtion u then refdved 
like all other pmponions, in uhivh a fourth term is to be 
round from thiee given terms, via. by the Rule of Three. 

In the third method of refolving the triangle, by inftni. 
mental opermtioq, recourie mull be had to the IrgjrithmiG 
lines, on one fide of the two foot icalei; extending the com- 
pafles from the firft tcnn to the feoond or thiid, which hap- 
pcmtobeof Aefimekiodwiihiti then that extent wiU 
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fCKb (mm cbe other lerai do ibe Ibufth terin. In ihis ope- 
latioD for the fides of criaDgles« is u(ed the Uoe of oumben^ 
fad ibr the angles the liae of fines or taogeocsi accorduig as 
the proportioff refpefts fines or tangenu- 

In every cafe in plane trigonometry, there mud be given' 
three partSi one of which* at leafi, nuift be a£de. And every 
triangie that can be propoied^ will bSl under one of the three 
following cafies: 

CASE It 

fFAeu two of the three given Paris are a Side, and ky 

cppofite Angle. 

CASE 11. 

IVken there are given two Sides, and their contained 

Angle. 

CASE IIL 

fyhen the three Sides are given. 

RuLK. For the firft cafe, viz. — ^That the fides are pro- 
poctknal to the fines of their oppofite an Jes : thnt >s as the 
one fide given, is to the fine of its oppi>tite angle, fo is 
anocfaer fide given to the fine of its oppofite angle. Or, as 
the fine of a given angle u to its oppofite fide, fo is the fine 
of another given angle to its oppofite fide. Thus, to find an 
angle, wemuft begin the proportion with a givtn fide, that 
is oppofite to a given angle ; and to find a fide, we mud be- 
gin viih an angle oppofite to a given fide. 

Example. In the triangle, B D C, (fig. 4.) having the 
fide B P equal to 106, th? fide B Genual to 65, and the angle 
B D C, 31 degrees, 49 minutes, to find the angle BCD, 
wdthefideCD. 

I. Bjf geometrical Conjiru6kion. 

Dl^mr a line B D equal to 106 ; at D, make an angle of 3 1^ 
4^ by drawing DC; take 65 in the compafles, and witb 

one 
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onefiMilatBy cMttdtheecberfsat to C, in the Kne I>C# 
thtn drew the line B C, tad it ft done : fiirtiieaiigie CiriR 
beito*43^; the angle O 31^49!'; tndtlieaa|^B» n^^si^l 
and the fide D C, jt^ 

2. J?jf arttftmeficaf Computation* 

L§g. 
As the fide B C, 6$ 1.81291 

It to fine angle D9 3 1^ 49' 9. 7*^1 98 

Sonthe fide BD9 106 a.oe;3i 

"•747*9 
1.81291 

To fine angle C, i»oP 43' "1^934p 

To find the fide D C. 

At the fine angle D, 31* 49' 9.71198 

IstofideBC;«c 1.81191 

So it fine angle B, 07* aS' 9^66391 

1 1-47683 
9.7a 198 

To the fide D C, 56.88 1.7 ^48$ 

Or, it may be wrought at foflovri:^ 

1 8c^ o' The futn of thrtc an^ 
Supfilemcnt of aoglo C 



iao' 43' Angle C 

3i*49' Angle D 

f 5a^3a' Their fum 
180' o' 



•7''a8^ .Angle B. 

T ■ ' 



Here it mull be noted, that when the given apg^e it ok 
tufe, the angle fought will be acute; but when the given 
angle is acute» and oppofite to a left given Yidev then the re« 
^ttifcd angle it doubtful^ whether acuie or obtnfe ; it ought 
fhnctotobadeiciauiwdlicfaraiieoperatioabepcrfaraiedL 

For 




For the above proportion gives 59^ 1/ for the required an- 
l^e; butaiitisobtiife,itf fapplementto x8o* muftbetakeo, 
viz. xs6^43'« 



3. By Gunier^s line^ cr infirumenUti Optru^Km. 

RoLB. Extend the cooipaflfet from 65 to xo$ on the lioer 
of numbers, and that extent wiH reach from 31^ 4^ to 5^ 
lY on the line of fines. 

Secondly. The extent from 31® 49' to 37* %V on the lino 
of fines, will reach from 6$ to ^6.S9 on tSie line of numbers. 

CASE II. 

JFh&n the three given Parts are two Sides and their 

contained Angle. 

RiFLB. As the fum of the two given fides is to the difier- 
enee of the fidea, fo is the tangent of half the fum of the 
two oppofite angles or cotangent of half the given angle to 
the tangent of half the difierence of thofe angles. 

Then the half difference added to the half fum gives the 
greater of the two unknown angles, and fubtraded, leaves 
die lefs of the two angles. 

Thus, havkig all the angles, the remaining third fide v^iH 
be found by the former cafe. 

Example. Having the fideB C, equal to 109, 6 D equal 
to 76, (fig. 5,) and the angle C B D, 101° 30^ to find the an- 
gle B DC, or B C D, and the fide C D. 

I. ^geometrical Can/hruStion. 

Draw the line B C c^al 10 109 and B D, fo as to make 
an angle with B C, of loi® 30', and make B D equal to 76 ; 
join BC and BDwitha right Hue, and it is doflO} fer the 
angle D bda|^ oaeafnredt is loundtobecqiiat Co 47^ Ji^* 
the angle C30^58f,aiidtbefi(feDC 144,8. 

a. Aritb* 
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a. Arithmetically ly Logarithnts. 

Skk B C 100 100 180^ o' 

Side B D 70 76 loto^o^ 

Their Sum j«5 thcir^j^ clifierence y%^\</ ^^^ ^ jf ^ 

39*»I5' Hilfthefam. 



Then to find the aogles D and C* 

Leg. 
As the fam of the fides B C and B 0=185 t.a67i7 

U'to their difference 33 i $i8si 
So b Un. of I fum of the angles C & D 39^ 1 5' 9.9itt4 

«« -41075 
a.a67i7 

Totangcntof Ithediff.of the angles C & D 8*iy^ 9''^3S^ 

To i the fum of the anglef D tad C 39^^15' 
Add half the difference of the angles C and D 8*17' 

Gives the greater angle D 47"3a ' 
Suhtraded, gives tM lefler angle C 30 ^8^ 



To find D C. 



r» 31' 9^;l 



M fine angk D 47^ 31' 9.86786 
If to the fide B C 109 t.03743 
So is fine angle B 101^ 30' 9* 991 19 

ia.ot86a 
9>8r>7 86 

To the fide D C, required 144.8 t.16076 



3* By Gunter. 

FiriL The extent from 185 to 33 on theline of numbers will 
reach from 39"^ 1 5' to 8* 17' 00 the line of tangents. Secondif, 
the extent from the angle D 47^ 3a' to 78** 30', (the fuppic- 

meot 
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t. AriikmetlcaUjf by Logarithms^ 

The two {horteft fides of the triangle B D and C D added 
together, it 13;, and tbdr difference 3$. The fegmentt of 
the bafe B C are found in the following manner : 

At the fide B C equal to xo$ tdOtiig 

It to the fum of the fidet B D and D C 13$ ••i3^3 

60 it their difference 3$ 1.54407 

To die (bference of the iiq;mentt<tfBC4S x^JStf 



Thus, having the fum and difference of the fegmentt of 
die hafe, it it only neceflarf to add half thdr fum js^to 
half the difference tti, and it will give the greater fegmeitty 
which it 7$ ; and which fuhtrafted from rQ5 karet jc^ the 
leflerfegooent. 

Tofitd the Angle BDA. 

At the hypothenufe B D 85 '•9t94S 

It to the radiut 10.00000 

So it the greater fegment 7$ 1.87506 

To the fum of the angle BDA 9*94 $64 



Therefore^ theangkBD AiseqMaIto6i*54^ 

To find the Angle ADC 

As the bjrpotheouie D C 50 1.69897 

It to the radius 10.00000 

So it the left fegmenl 30 1.477 ift 

To the fine of A D C 9-778i j 



Therefore, the angle A D C it equal to 36* 53', and tbo 
whole angle B D C equal to 98' 49^ 

' To 
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To find the aagle B, it is only neceiTaiy to fubtn^^ tto 
angle B D A, or 6i* 56^, from 90*, and the remainder a8* 4% 
is the angle B, and the angle C is equal to 53* 7'. 

3* By Gunter. 

I. The extent from !•$ to 13$ will reach from 35 to 4j 
on the line of numbers. Secondly, The extent from 8( to 
7S on thelineof nun^n, will reaeh from the radius to 
61^ $6^, or the angle B D A, on the line of fines. Thirdly. 
The extent from jo to 30 on the line of numbers, will reach 
from the radius to 36* 53, the angle ADC on the line of 
fines. 

The three foregoing cafes of plane triangles, contain all 
the varieties of both right and oblique triangles. But there 
are ibme other theorems, fuited to fome particular forms of 
triangles, which are often more expeditious in ufe, than the 
foregoing general ones ; particularly the following theorem, 
for right-angled triangles, being ^ cafe which frequently 
occun. 



CASE IV. 

IFhen in a right-angled Triangle there are given the 
Angles, and one Leg, to find the other Leg, or Hy^ 
potJienufe. 

RuLi. As the radius is to the given leg A B, (fig. 7,) fo 
is the tangent of the adjacent angle A, to the oppoflte leg 
BC; andfoisthefecantof thfeiameangle A, to the bypo- 
dienufe A C. 

ExhUTLE. In the triangle ABC, having the IcgAB 
equal to i6s, and the angle A equal to 93* f 48''> and con- 
fequently the an^c C 36* j/if la^ ; tq find the fides B C 
and A C. 



'^1'^ r* v^5Mf> 1 
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I. Getmeiricalhf. 

Draw A B equal to 162, and ered the indefinite perpendi- 
cular B C ; make the angle A 53* 7' 48 "; then the fide A C 
will cut B C in the point C, and form the triangle A B C^ 
which by meafuring, A C is found equal to a 70, and B C 

tDftl6. 

t. ArithimeiicaUtf' 

L0g* 
Ai radius io,oooooocJ 

Is to A B 161 2.2095150 

So is the tangent A 53» f^?f 10.1 2 49372 

»«-33445** 
10.0000000 



T0BC216 t.3344S** 

S»istheifcintA53*7^4r^ 10.221847^ 

To A C 270 2.43 13627 

ass 1^ I 

3^ By Gunter. 

• 

Extend the compafles from 45* at the end of the tangenn, 
(the radiusi) to the tangent of 53*^; and that extent will 
reach from 162 to 2 16 on the line of numbers for BC« Then 
extend the compafles from 36* 52' to 90 on the fines ; ani^ 
that extent will reach from i6a to 270 on the line of num- 
bers for A C. 

There u alfo another method of frequent ufe in trigono- 
TX^/ntTfi called^ iMiiiff^ <v<i7.^^ r^^OK/i wbkh is as foUows 

Let A B C> (fy* 8,) be a given trianglei oaakc the hypo« 
thcnuft AC radius firft ^ that is, with the cmteat of A C •• 
a radius, and on A and C, as two centres, defcribc the two- 
arcsC D and A E 8 then C9ch leg A B, BC, will reprcfirat ibe 
fipe of iu oppoficeanglc: viz^-^Thc leg BC will be tha* 
fioeoftbearcCDi ocof tlieaofli As aadtbekf A Site 
fioeof thearcAEf or of the angk C« 

. • ; '^ Againt 
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Agiidy making dther leg radios, the other leg will lepre* 
fent the taogent of its oppofite angle, and the hypochcavfe 
the ftcaot of the ftine angle: thus, with the radius AB and 
centre A, deftribe the arc B K ; and B C will reprefent the 
tangent of that arc, or of the angle A, and the hjrpothenufe 
A C die iecant of the fame ; or, with the radius B C add 
centre C, ddcribe the arc B G; then the other leg A B ie 
the tangent of that arc B G, or of the angle C ; and the hf* 
pothenufe C A is the fecant of the fame. 

Then the proportions are obvious ; for the fides in thit 
figure bear the fame proportions to each other as the pans 
Aey reprefent* 






SECT. ir. 

OF 8PRBRICAL TJUGONOMEtRT. 

SrRiaicAL TrigoDometry teaches the refi^hition of a 
fybiricaltrumgk, having three given parts: and, like plane 
ti^onometry, may be either right-angled, or oblique-angled | 
but be&ire the learner can proceed to the analogies of a fphe- 
r^ triangle, it is neceflary to be acquainted with the fix 
following theorems :— - 

The(yrem I. 

In all right-angled fpherical triangles the fihe of the hypo- 
thenufe is to the radius, as the fine of a leg is to the fine oi; 
its oppofite angle. And as the fine of a leg is to the radius, 
io is the tangent of the other leg to ibe tangent of its oppo- 
file angle. 

Denoonflrated thus. Let £ D A F G, (fig. q,) reprefent 
the ei^h part of a fphere, where the quadrantal planes E D 
F G, and E D B C, are both perpendicular to the quadran- 
tal 
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tai plane A D F B, and the quadraotal plane A D G C is per* 
pendkular to the plane E D F G; and the fphertcai trtangk 
A B C is right-angled at B, therefore C A is the faypoche* 
fiufe, and B A, B C, are the legs. 

Dfaw the tangents H F and OB to the arches G F and 
C B, and the fines G M^ C I, on the radii D F and D B i 
alfi>draw BL the fine of the arc AB; andC K the fine of 
AC: then join I K and O L. Now H F, O B, G Bi, and 
C I, are all perpendicular to the plane, A D F B. And H D^ 
G K, and O L, lie all in the laroe plane A DG C ; alfoFD, 
I K» B L, lie all in the fame pUne A D GC. Therefore^ 
the right-angled triangles HFD, CIK,andODL, having 
the equa-angUs H D F, C R I, O L B, are fimilar. And 
as C K is to D G, fo is C I to G M ; that is, as the fine of 
the hypothenufb is to the radius, fo is the fine of a leg to the 
fine of itt oppofite angle. For G. M is the fine of the 
arc G F, which meafures the angle CAB. Alfo as L B is 
to D F, fo is B O to F H; that is, as the fine of a leg is to 
the radius, fo is the tangent of the other leg to (lie tangent of 
its oppofite angle. Q^E D. 

From this it follows, that the fines of the angles of anjr 
oblique fpherical triangle, as A C D, (fig. lo,) are to one 
another directly as the fines of the oppofite fides ; therefore^ 
in erery right-angled fphertcai triangle, having the Cune 
perpendicular, the fines of the baies will be to each other in- 
verfelj as the tangenu of the angles at the bales. 

Theorem II. 

Ip every right-angled fpherical triangle, as A B C, (fij^. 1 1,) 
the proportion is, As radius is to the cofine of one leg, fo ia 
the coline of the other leg to the cofine of the hypothenofe. 

Therefore, if two right-angled fpherical triangles A B C^ 
C B D, (Jig. io,) have the fame perpendicular B C, the co* 
fines of their hypothcoufes will be to each other dire^y at 
the cofincs of ihcir bafcs. 

fbt^rtm 
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Theorem Uh 

Id any fpherical triangle, the proportion if. As radius is to 
the fine of either angle, fo is the cofine of the adjacent kg 
to the cofine of the oppofite angle. 

Therefore, in right-angled fpherical triangles having the 
fame perpendipular, the cofines of the angles, at the baic^ 
will be to each other, diredlj, as the fines of the vcrdcal 
angles. 

Theorem IV. 

In any rigjht-angled fpherical triangles, the proportion M| 
As radius is to the cofine of the bypothemiie, fo u die tan* 
gent of either angle to the ootang^t of the other angle. 

Thus, As the fum of the fines of two unequal arches is to 
their difierence, fo is the tangrat of half the fum of thok 
arches, to the tangent of half their difierence ; and. As the 
fum of the cofines is to their difference, fo is the cotangent 
pf half the fum of the arches to the tangent of hilf the differ- 
ence of the fame arches. 

Theorem V. 

In any fpherical triangles, A B C, C^. la and 13,) the 
proporuoQ is. As the cotangent of half the fum of half the 
difference, fo is the cotangent of half the bafe, to the tangent 
of the diftance (D £) of the perpendicular, from the mid<« 
die of the bafe. 

Theorem VI. 

In any fpherical triangle ABC, (fig. 12,) As the cotan% 
gent of half the fum of the angles at the bafe, is to the Ungent 
of half their difference, fo is the tangent of half the verti* 
cal angle, to the tangent of the angle which the perpendi«» 
cuhur C J> makes with the line C F, bifeding the rcrtical 
^glc 
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OF TRIOOMOMErHY, 



The Solution of the Cafes of right-angled fphericqH 

Tricuigles, (Fig. ii.) 



\i 



Given. 



The b>'po. A C,and 
one angle A. 



Sought. 



The opposite 
leg B C. 



Solution. 



As ndius : iioe hypotbenuCi A C 
::fine A ; fine BC. (byTheor. i.) 



Ttiehypu.AC.and 
one angle A. 



The adjacent 
leg A B. 



As radius : cofine of A :: tangent 
A C : tangent A B. (by Tbeor. 

I.) 



n.e hypt»thcimfc 
A C, and one- 
angle A. 

The h.vp»». AC, and 
one leg A B. 



The other an- 
gle C. 



\9 radius : coiine of A C .-: tan- 
gent A : cotangent C. (by 
Theor. 4.) 



The other 
BC. 



leg As 



cofine A B : radius :: co^e A 
C : cofine B C. (by Theor. a.) 



Tlic hyjH). AC, and 
erne leg A B. 



'Vhc uppolite 
angle C. 



As fine A C : radius :: fine A Bi 
fine C. (by Theor. i .) 



fhe hypu. AC, and 
one leg A B. 



The adjacent 
^gle A. 



As tangent A C : tangent A B :: 

radius ; cofine A. (by Tbeor. I J 



One leg AB,and the 
adjacent angle A 



ll)c othci icg 
BC. 



As radiuk : fine A B :: tangent A 
: tangent B C. fhy Theor. 4.) 



OnelegAB^niJthe 
adjacent ande A 



The oppofite 
angle C. 



As radius : fine A 1: confine A B : 

cofine C. (by Theor. 3.) 



9 



Onclci;AB,:uidthc 
ar!;ai'rnt angu: A | 



'I'he hy^yothe-jAd cofine A : radius :: ungent A 
nufe AC. B : tanywt A C. {'brThtor. 1 ) 



OnclegBC, andthL- 
JJ] oppc fitc angle A 



10 



Ihe other kg 
A B. 



A> tancent A : tangent B C :: la- 
diu<« : in-.c A B. by Theor. 4.) 



11 



One leg BC» and the 
oppofite angle A. 



oppofite an^le A. 



The adjacent 
angle C. 



A3 cofine B C : radius :: cofine ol 
A : fine C (by Theor. },.) 



. , Cue leg BC, and thejTbe hypotbcH As fine A : fine B C :: ra4iu§ : 



nufe A C. 



AC T)v Theor. 1.': 



.\> radiuH : cofine A B :: confine B 
C : cofine A C. (by Theor. a ) 



1.^ 



Both legs A B and.Thc hypothe- 
B C. I BOic A C. 



jBitth Ugs A B, and; Any angie a> As line A B : rjdiu4 :: tangent B 

'a. I C : tangrnt A. bv Theor. 4.) 



I ts 



BC. 



B.Hh angle. A anj^., „, „ ^ , ,.U *e A^: c 



«\» lh)e A : coiine C .. radiu>:co- 
by Theor. 3.) 



L 1 I * i'ti»^ h«^.^k* .'^ **"K«n' A: cotangent C:: ra- 

,,iB.fh angles A and The hypmhe- ,„y,f,^fi„, ^ C.^y Theor 

I ^- I ""'*• -^ ^- I 4.) . " 



Note. The 10th, 1 xrh, and iirh cafei are ambiguous, as 
ir cannot be determined by the data, whether A, B, C, and 
A C, be greater or Icfi than 90 degrees each* 



The Solution of the Cafes of obUque Jpherical Triangles, 

(Fig, 12 and 13.) 






Given. 



SoQghi, 



SolucioQ. 



Two fidet AC, BC, «,. . ., As fine BC : fine A :: fiqe AC: Vihe B. 

and theaiistoA*"^"f«7"»?P^ ilfciir. When BC ialefc Am AC, itcan- 



oppofite CO one 
of them 



ptyfite 
other. 



CO the 



Two tides AC, BC, 
and the angle aL. ^ . p. 
oppofite to oner"*"**^^° 
of them. 



Two iidei AC, BC, 
and the angle A 
oppofite to one 
•f them. 



Twofide:iAC,A8. 
and the included 
anieje A. 



Twofides AC, AB, 
and the included 
angle A. 



not be determined whether B ba a^ufc 
or obrufe. 



The other ^ie 
AB. 



The 



other 
BC. 



fid^ 



Two angles Aj 
ACB, and the fide 
AC befwict them 



Let fall the perpendicular CD upon AB, 
pfodnced (if ncceflary) then radltts^co- 
fiae AC :i tangent A : cotangent ACD. 



As ndiua : cofine A :: tangent A^ : tan- 
gent AD. (by Theor. 1.} This and the 
laft cafs are both ambiguoos, iHien 
the firft is ib. 



As radius : cofine A :: tangent AC : |an* 
gentAB. (by Theor. i.) Whence *AD 
ii alio known. 



As radius : cotine A :: tangent AC : tan* 
Miner or ttie ^^^ ^^ .^ TYytox. i.) Whence BD 
other angles, as| ^, ^^^^^^ ; then as fine BD: line AD;: 

tangen t A : tangent B. (by Theor. .4.) 



The other angle 

B. 



Two angles A, 
ACB, and the fide 
AC betwict them 



• 



As radius : cofine M^ :: tangent A : cotan- 
gent ACD. (byThcor. 4 > Whence BCD 
is alfo known ; then as fine ACD : fine 
BCD::cofine A icofine B. /by Theor. 3,] 



Two angles A, B,lj^g 
and a fide AC 
oppofite to one 
of thcna. 



'As nulius : cofine AC :: tangent A : cotan- 
Biiher of the gent ACD. (by Theor. 4.). Whence 
other fides, as| bcD 10 alio known ; then u oofine 

BCD : oofine ACD :: tangent AC : tan- 
gent BC (by Theor. ij 



BC. 



10 



11 



fide BC, 
oppofite to the 
other. 



Two angles A, B, 
and the fide AC^The fide AB 
to one 



As fine B : fine AC :: fine A : fine BC. 



oppofite 

of ihem. 



Two angles A, B, 
and the fide AC 
oppofite to one 
of them. 



The other an|^ 
ACB. 



.AU the three fide> 
AB^AC.aodBC 




^;Allthethreeangle^ 
' A«B,andACB. 



betwikt them. 



Any angle, as A. 



As radius : cofine A :: tangent AC : tan- 
gent ADXbyHieor. 1.) and ad tangent 
B : tangent A :: fine A D : fine B D, 
whence AB is alfo known.' 



As radios : cofine AC :: ungent A : cotan- 
gent ACD (by ITieor. 4.) and as cofine 
A : cofine B :: fine ACD : fine BCD. (by 
Theor. 3.) 



. ^ AC4.BC 
As tangent ^A B : ttngent : 

tangen t" ' : tangent DE the dif- 

tance of the perpendicular from the 
middle of the bafe, whence AD is 
known. Then as ungent AC : tangent 
AD :: rad. : cofine A. (byThcor. 1.) 



Any fide, as AC. 



ABC4.A 
Ascotingent ' 

ACB 
:: tangent — 

2 



tUfUt 



ABC— A 



a " a 

: tangent of the angle be- 



VoL. II- 



tween the perpendicular and a line bi- 
feAing the venical angles, whence ACD 
is alfo known. Then as tangent A : tol 
ttnge nt ACD ;: radius ; cofine AC. \ 



fmrnm 
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The following propofitions concerning fpherical trianglcif 
will render them more intelligible. 

I. A fpherical triangle it either equilaferal, ifofcelar, or 
fcalefie, according at it hat the three anglet all equal, or two 
of them equa], or all three unequal ; and vice vnfM. 

*• The greateft fide it alwayt oppofite the grcateft angle, 
and the finalleft fide oppofite the fmallefi angle, 

3. Any two fidet, taken together,* are greater than the 
thinL 

4. If the three angles of a fpherical triangle be all acute, 
or all right, or all obtufe, anglet, the three fides will be ac- 
cordingly all left than 90 degrees, or equal to 90 degrcet, or 
greater than 90 degrees, and via iMrfa* 

J. If from the three angles A, B« C, (;^« 14,) of a fphe^ 
ricai trianglci A B C, as poles, there be defcribed upon the 
furfiKc of the fphere, three arches of a great circle D E,DF, 
and F £, forming by their interieftiont another fpherical 
tnangleDEF; each fide of the new triangle will be the 
fappJeracm of the angle at its pole ; and each angle of the 
fuat triangle will be the fupplement of the fide oppofite to 
it in the triangle ABC. 

6. In any triangle ABC, or A b C, right angled at A, 
(>(r* 'S») ^ angles at the hjpochcoufe are always of the 
ftme kind as their oppofite fides. And the hypotheonfe it 
greater or lets than a quadrant, according as the fides, in* 
chiding the right ang^ are of diierent kinds, or of the lame 
kind ; that is to fay, according as thcic lame fides are either 
both obtufe, or both acute, or as one is obtufe, and the other 
acute, and vice wrja% Firft, the fides including the right 
angle, are always of the fame kind as their oppofite angles. 
Secondly, the fides including the right angle, will be of the 
fame or different kinds, aocoixitng at the hypotheniifc is Ids 
or more than 90 degrees ; but one of them at lead will be of 
fo degrees, if the h)-pothenulc be if^. 

CHAP. 
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CHAP. XIII. 



OF GEOGRAPHY. 



/ 



ECT. h 



OqOGRAPHICAL DSFIlflTIOirS* 

t.GEOCHlAFHY it die knowledge of die earth, or a de^ 
fcr^ptkm of die terreftrial globe^ partictilarly of die fmfKe 
•od known habitable parti thereof, with all ita different di« 
vifioDt* 

•« Tbeeartb is a g^ular body, fnrronnded with an aC* 
mo^riiav of air^ by whkhall terreftrial bodies are coofioed 
to its forface, being attnided thereto by the laws of gravity. 

That the earth is of a globular fionn, hM been demoQ* 
ftntted by a number of experiments, paftiGularly by ob- 
fa vati oui of the eclipfes of the moon ; in which it appears, 
diat the fliadow of die earth al#3l3ps*appears ciranbir, which* 
erer way it is projeded. AMbj by die ebfervation of (hips at 
fea, which, after their departure from any coaii, gradually 
difiippear to an obfenrer on l^nd, from the bottom upwards ; 
that is, the firft part which di&ppears from the fight, is the 
keel, or lower part of the Ihip I then thofe pans which are 
higher up^ and fo on ; the top of the maft being the part 
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that is laft feen : this is owing to the convexity of the waterif 
which have the fame globular figure as the earth *. 

3. The earth alfo has a diurnal motion on iu own axis, 
performing one revolution in 34 hours ; thereby occafioning 
the changes of the day and night, as will be feen in Aftronomy* 

4* The circumference of the globe is fuppofcd to be di* 
vided into 360 parts, called degrees, and each degree fub- 
divided iotoi6o mimiles,«nd each minute into 60 feconds, Ire. 
Every degree contains 60 geographic miles ; confequentlyi 
the circumference of the gbbe is s 1,600 fuch miles; and the 
diameter 6900 miles. But as 60 geogr^hical miles are 
above 69 Britifh meafuie, the drcuit of the globe is there* 
fore 14,840 Englilb miles, and the diameter almoft a tlurdi 
or 7900 in round numbers. 

$• The globe of the earth confifts of l^nd and water z the 
proportion of the land to the water is not accurately known, 
but it is generally believed to be near one third. 

6. The waters are divided into three oceans, (befidea tbt 
fmaller feas:) viz. — ^The Atlantic, Pacific, and the IndiaQ 
oeeati. i. The Atlantic or Wcftem ocean divides Eurape 
fimm America, and Is 300D Ailet vide. t. The Pacific oobhi 
Avides America from Afia, and Ne^ Holland, and b 10^009 
miles wide. 3. The Indian ocean lies between the Eaft lo- 
fliei aiid Al^p^ and is 3000 miles wicfe. The parti or 

• The phflofo^rs of the laft age diffrrcd ^cm}j in their dcTciipcions 
ef ihc true ftiherieml figure of the cirth, oT which there were two {cncral 
t^nlofts. The one nwnMiiked that the earth «m a prolaic l)rilMfiR&d 1 
pr this aumber ww CaflTini. The other |Nuiy maiqfahiad it to fae an 
oblate fpbcrokl : of thu Sir Itttc Ncwipn was tho chief, who iafiAed 
that the polar, was fboiter than the equatorial diameur bj 36 milcik A 
party of philofophrrs frum France wa> fent by the kin^of that coontryi 
to me&fure a dc;;rre en the polar circle, and alfo on the equator ; tha 
refuU of thc'f cx|>rriment turned out ezaAIy in t^%-our of Sir Ifaac 
NcwtonS rfaenry. Bur thin inrquaVitv of thelhapcof the earth, ai wtU 
•4 the inequalitic* cccafioned by the moantaiiM, ttc. anake no fnifUa 
^Mkraaee la Use fom of ifai caith. 
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bnnchflt of thefe oceaoiy called foM^ at tt^e Meditnxuiemii 
fea, &c. receive tbcir omei generally from the cooimies iSatf 
bonier upon. 

7, A ^, or guff^ U a part of the fiea, almofi furrouoded 
bj land ; at the golf of Iifexko, tbe bay of Bifcay« Zee, 

8. A Jraii is a narrow paflage out of cue fea into an- 
.Ather ; at tfae firait of Gibraltar. 

9^ A W^iaawaterforrouaded byU^dj ai the JakjB of 
Geneva* 

10. lUveri are ftreanat of water, ifiiiiog tromfpno^ in 
Ugh grounds, and falling Into the fea« or other rivers s and 
ace wider near their mouths than towards th«r beads or 
iprings c they are defcribed in maps by black JineSf 

21. The land it divided io^ two great continents s vix. 
Tbe eaftem and weflern continents, bcfides iflands. The 
eaflern continent is fubdivided into three parts : via.— £|i* 
Tope, which is the north-weft part ; Afia, the north-eafl ; 
aoid Africa, tbe Ibptb. The wefiern continent confifts pf 
America only, divided into North anfi South America. 

It. An iflamd is a piece of Ipnd entirely furrounded by 
water. 

23« Afemh^nU is a country, or jaccp of land, fnrrounded 
by water, except on 00^ fide, where it joins to ibme other 
land. 

14. An iJUmms is a narrow peck of land which joins a 
peninfula to fom^ other country ; as the Idhmus of Suez, 
wUch jaias Africa to Afia ; the Iflhmus of Pari(!n, which 
joins North and South America. 

15. A r«/ir, called ibmetimes a proniontory, or head-land, 
is a point of land extending fome way into the fea. 

16. The furface of the earth is fnppofed to be divided by 
feveral imaginary circles, for the better determining the 
fituatiop and boundaries of the feveral countries and parts 
pf the world, of which the nioft confiderable drcics are tbe 
following:*-!. The e^itaipr^ called alfo the equino£tial line, 
nhicb divides the globe of the earth into two equal pa its, or 
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hemifpheres, the one north and the other (bath. This cir- 
cle 18 cTeiy where equally diftant from the two poles; and 
upon this circle, the degreei of longitude are marked, t* 
The two tf^picai ehries : vis^The trfic^f CneeTf or the 
nonhem tropic, whkh encofiy)>aflifi the globe, at thedifbnoe 
of 33I degrees from the equator ; and the trafic 0/ Cafriewrm^ 
or fouthern tropic, which encompaflfcs the globe at the 
fame diftance on the foiith fide of the equator. The fpace 
between thefe two tropica is called the Tsm'^ Zone^ 3. Thie 
two polar circles : viz.— The «rA/r rirvJSfi which furronnda 
the north pole ; and the aniarffic circle^ whkh fnrroundt the 
fouth pole ; each at the diftance of S3f degrees from its rb- 
fpe^ive pole. The fpace included between the tropic of 
Cancer and the arAip circle is called the northern Jewtpirmiw 
Z§ni^ and that fpace between the ardic circle and the mnrtli 
pole, is called the north FrigU Z$n€ ; and the correTpood- 
ing fpaces on the fouthern hemifphere have fimilar names, w 
the iburhem Ttmperaie Zne^ and the fouthern Frigid 2mm. 
4. The mtfi^hmml iittrSf which are lines drawn at right angha 
10 the equator, and eoinciding at the poles. Thefe Knes 
run diredly north and fouth : and when the fun appeen fbB 
fouth of any place, he is then faid to be on the meridian of 
that place ; and it it then is o^clock at noon at that place* 
The latitude of places is always numbered on thefe lines. 

17. The t^mghuJi is the diftance of one country from an* 
other, and is either eaft or weft, and meafured on the eqea- 
tor. The longitude of a piKe is always meafured from the 
CMpit.1l of the country where the author or traveller is ; thusp 
when a pcrfon in England mentions the longitude of anj 
other place, it is always underftood that the longitude ia 
reckoned from London ; that is, the degrees of longitude are 
mrafured on the equator, and from that part of the equator, 
wliere the meridian paffing through I..ondon, ioterfeAs thf 
equator, nt that part of the equator nhich is cat by the me- 
ridian of the other place noeafurcd to. 
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i8« The iaiifmde of a place is the diilance of that place 
from the equatori meafured on the meridional line j and it 
cither north or fouth* 

19. The inhabitants of the earth arc diftin^ifhed from 

each other by their relative fituations ; of which there arc 

reckoned three forts, Periaci^ AntMci^ and Antipodes:''^ 

I. The Perieeci are thofe people who live at the fame 

difiance from the equator, but under oppoiite meridians 2 

the length of their days and feafons is the famei but when 

it is mid-day with one, it is midnight with the other, a. The 

Amiitrci live Under the fame meridian, but oppoQte parallels, 

and live equally diflant from the equator \ the one being in the 

ibuth latitude, and the other in the north, Thefe have the 

fim at the fame hour at noon ; but the longed day of the one 

is the fliortefi day of the other, and their feafons of the year 

ftrc different ; for when it is fummer with one, it is winter 

with the other. 3. The Antipodes are fituated diredly oa 

cppofite fides of the globe to each other, the feet of the one 

being direAly oppoiite to the feet of the other. Thefe lie 

under oppoiite meridians, and oppofitc parallels: it is noon* 

day with the one, when it is midnight with the other ; the 

longed day with the one, is the (liorteft day witli the other \ 

and when it is fummer with the one, it is winter with the 

other. 

to. The inhabitants of the earth are fometimes diftin- 
guiftied from each other, (in geography,) by the direction 
of their fliadows at noon-day; and are called Ampbifcii^ Afiii^ 
Htterofcii^ or Perifdi. i. The -/^/w/Z^iyr// are thofe fituated 
in the torrid zone, and have their (liadows, one part of the 
year, directed towards the north at noon-day, and at another 
part of the year, towards the fonth, at noon-day, according 
to the part of the ecliptic the fun is in ; confequently, the fua 
b vertical to thefe people twice a year. They are then called; 
— e. Afcii^ (hewing no iliadow at noon-day. 3. The Hetf 
ffiit^ are thofe who inhabit the temperate zones, and whofe 
fliadows at mid-day always fail one way : viz.— >The iludow^ 
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of thefe in the northern temperate 2one, felling always to- 
wards the north, at noon^^iay; and thofe in the fonthem 
zone, always foiitii at noon-day. 4. The Peri/cii are thofe 
who inhabit either of the frigid zones. Thefe have their 
ftadows moved entirely rdund them every ^4 honn, when 
the fun is in their hemifpheres, and fo hx decline towards 
their pole, as not to fet for feveral days. 

SI. The h^rhm is properly a double dicle; one of the 
horizons being called ihc/emJikU^ and the other the r^thwml 
hriz^Mm The former comprehends only that fpace which 
we can fee around us, upon any part of the earth % and is 
very different, according to the diflerence of our fituation. 
The other, called ratsmuU, is parallel to the former, but palt 
ing through the centre of the earth, and foppofed to be con« 
tinued as fir as the cdeftial fphere itfcif ; whereas the 
former is fuppofed to pafs over the furface of the earthy 
where the fpedator ibuids : but in geography, when the ho* 
rizon it mcntionfd, the rational horizon is always under- 
fiood. By reafon of the round figure of the earth, every 
different part has a different horizon. The poles of the ho« 
rizun, that is, the points diredtly above the head, and op* 
pofite the feet of the obferver, are called thtztMith and M^Er* 

SI. The zettit/f is that pole of the horizon direAljr over 
the obferver*s head. 

S3. The aadir is the oppofite pole of the horizon, or 
that direftly under the obferver's feet. 
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Defcription and Ufe of the Globes and ArmUlary Sphere^ 

By meani of mapty the true fituations of the difTcreat 
placet of the earth, with regard to one nnother, and every 
other particular relative to them, may be eaiily known ; con* 
feqnently the hour of the day, feafon of the year, &c* "for 
any particular place may be difcovered. But thcfe problems, 
to bb refolved by mapt, would <be tedious and complex i 
therefore, thoTe machines called the crieflial aud terrtftrial 
jlobesi and the armiilary fphere^ have been invented^ by 
which many calculations are faved, and every proUcfn fo 
geography may be Iblved mcchaDicallyt in the mod eafy and 
expeditious manner. "^ p 

If a map of the #or]d be accurately delineated oof a fpho- 
rical ball, the farface thereof will rcprefeot the furfapeof the 
earth ; for the highcfl hills bear no greater proportion to the 
bulk of the whole earth than fo many grains of (and do to & 
common mathematical globe of twelve or eighteen inchcf 
diameters the diameter of the earth being n^ar 8000 uulci, 
and no hill upon its furface is above three miles in perpcn* 
dicular height. 

The armiilary fphere is a Urge hollow fphere of gUfs, 
baving as many bright ftuds fixed on its inGde, n» there art 
vifible ikrs in the heavens^ and of the famr magnitude, and 
at the fame angular di^ances from each other. Thb fpbeir 
is a true reprcfentation of the heavens, to an eye Aippofed 
so be placed in the centre ; for to an cib&nrer placed any 
where within the furface of an indeinire fphere, all objc^ 
will appear equally diftint, thougi) fome be much nearer than 
others: and if a fmall globe, having a map of the earth 
opoo it, lie placed on an axis in the centre of this fphere, 
and the iphere be made to turn round its axis, it will repie- 
fent the affarrnt motion of the heavens round the earth ; 
but if the ^bbe be turned round its axis, while the fphere 
reoixna fixed^ it will rc^>refent the trm nouoii of lUo earth. 

V 
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If there be drawn a great circle upon this fphere, orally 
clillant from its polc^ nnd havfog the plane of the cirde per* 
pendiciilar to the axis of the fphere^ it will reprelent the 
cclcflial equinox, which dwldts the heavens into two equal 
parti or hemifpheres ; and the two axei of the fphere will 
reprefent the two polei of the heavens. 

If there be another great circle drawn upon the fphere, 
cattitig the equino^ial at an angle of 23} degrees^ in two 
4)ppofite pointf^ this circle will represent the ecliptic, or 
circle of the fun's apparent annual motion ; one half of 
which is on the north fide^ and the other half on the fuuth 
fide of the equinodtial. 

If there be made a large ftud to move eafhvard in this 
eclipticy and with fuch a motbn as to go qiute round it in 
the time tbat the fphere is turned round wefhrard upon its 
axis 2^ times ; this fiud will reprefent the fun, changing its 
place eveiy day in the ecliptic, a 365th part ; ami going 
nMind wefiward in the fame dire^on as the (tars, but with 
a motion fo much flower than that of the ilars, that they will 
make 366 revolutions in the time that the fun makes only 
36$, about the axis of the fphere. 

If the terreftrial globe in this machine be about one inch 
in diameter^ and the diameter of the &xrry fphere about five 
or fix feer, a fmall infect, placed upon the globe, would fee 
only a very fmall portion of its furface ; but it wotild fee one 
half of the furface of the Aarry fphere, the convexity of the 
globe hiding the other half from its view. If the fphere be 
fet in motion as before diredted, and the globe alfo revolving 
on its own axis, the infect will fee all the phenomena ob« 
ferved by the inhabitants of this world, in the diurnal rota- 
tion of the earth round its a«is. 

The ^terior parts of this machine are feveral brafi rings» 
which reprefent the principal circles in the heavens: viz. 
I. The equino^ial: a. the nUptic^ divided into the figns 
^nd degrees, and tlfo into the months and the dap of the 
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year, to (hew in what point of the ecliptic the (un is pa 
any given day in the year : 3. the /tv# tropics : 4. the ar^ie 
and aniar^ic circles: 5. the t^tfinpSial c^ure^ which b a 
great drde palfing through the north and (buth poles of the 
heaven;, and through the equinodial circle at the points 
where tiic cquitio^ial 13 cut by the ecliptic : 6. the folfiitial 
colurf^ which is a great circle paffing through the pojeif of the 
heavens, and at right angles to the equinoctial colure. Hence 
the foiftitial colure paflet through the equino^ial at the points 
where the equinodial is at the greatcQ diflance from the 
ecliptic. Thefe points in the equinodial are called the /oL 
Jlitial pointSm 

In the north pole of the ecliptic is a nut, to which is fixed 
one end of a quadrantal wire, having at the other end a 
froall fun, which is carried round the ecliptic, by turping 
the nut; and in the fouth pole of the ecliptic, anotjier qua- 
drantal wire is ^xed, with a (xnall moon upon it, which may 
be moved round by the hand. There is alfo a particular 
contrivance, for caulingthe moon to move in her own orbit. 

On the axis of the fmall globe is fixed a flat celeftial 
meridian, which may be fet dircdiy over the meridian of any 
place on the globe ^ and then turned roupd with the globe, 
(b as to keep over the fame meridian. Tbis globe has alio 
a moveable horizon, which turns upon two wires, which 
proceed from it on the caft and weft points of the globe, and 
entering the globe at the oppofite points in the equator, which 
is a mo\'eable brafs ring, let into the globe in a groove. The 
whole fabric is fupported on a pedeilal, and may be elevated 
or diprcfled to nny number of degrees, from o to 90. 

Drjlnl i-'.n * f thv Terrrfirial Glolt, 

On tlic tcntilri i\ i^lobc art drawn all the prinripal ciiLlrs 
luTurc nicr.:ioiui!, a* the c.jiator, »:r'';vir, tropics, polar 
»:lriJcs. Siid n.criduns. The ecliptic is tlivi.lcd snto twelve 
(i^.-u, ind each ii.yi i:jto ihirt} lii-rccs. taili troi^r is 2x1, 
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deg^es from the equator; and each polar circle %2% ^greea 
/rom its refpedive' pole* There are alfo ciicles drawb'pa- 
raiJel to die equator, at every lo degrees diitance from it^oa 
each fide towards the poles ; thefe circles are called paratieU 
of latitude. There are, alfo. feveral other circles, dra^wft 
perpendicuLirly to the equator, and interfediing each other 
at the poles ; thefe circles aoe called meriMans^ and fometimea 
circles of longitude^ or hour circles ; and on large globes thev 
are drawn thiough every tenth degree of the equator; but 
pn globes of lefs than xa inches diameter they are diawa 
through every fifteenth degree. 

The globe is hung lo a brafs ring, called the Irazem nteri^ 
tban^ turning upon a wire in each pole, funk into oni^ fide 
jof the meridian ring. Thi< meridian is divided into 360 
.degrees ; one hair of thefe degrees are numbered from tbf 
equator to the poles, to (hew the latitude of places,; the 
other half are numbered from the poles to the equator^ to 
^ew how to elevate either of the poles above the horizon* 
This ring divides the globe into two equal parts, called the 
eaftern and weftern bemijj^beres ; as the equator divides it into 
the northern znd/outhern bemij^berei* 

The brazen meridian is let into two timcbes, made in & 
broad flat ring, called the 'wooden horizon ; the upper furfiue 
of which divides the globe into two equal parts, called the 
upper and lower bemif^res, . This horizon correfponds to the 
true rational horizon; and upon it are feveral concentric 
circles, which contain the months of the year, the Ggns and 
degrees anfwcring to the fun's place for each month and 
day, the thirty-two points of the compafs, and the circles of 
amplitude and azimuth, with ibmc other circles. 

There is a fmall horary circle, fixed to the north part of 
a^t brazen meridian, and having the wire in the nor^h pole 
of the globe in its centre ; on which wire is an index, whic^ 
goes over all the twenty-four hours of the circle, as the 
globe is turned round its axis. Sometimes there are two 
horary clicics, one at each pole. 

There 
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There h a thin flip of hrafs, called the fuaiirant ^fakitudi^ 
divided ia(o 99 degrees. This is occafionally fixed to the 
pppermofi point of the brazen meridian, by a nut and fcrew^ 
about which the quadrant turns round* 

There is alfo, to fome globes, a magnetic needle, which 
iRores over a circle, divided into 360 degrees, alfo over the 
fhirtj-two points of the compafs. This needle fervet to fi< 
the globe according to the meridian of the place, as the 
Beedle makes nearly a conffant certain angle with the meri- 
dian, which angle is called the varialhm 9/ the comfiafs ; and 
whidi being known, the globe may be reAified to the true 
neridiaii of the place : thus, at London, the variation of the 
needle is tj degrees northward; therefore, by moving the 
frame of the globe about, till the needle fettles itfelf near 
tbetwenty-thtrd degree, reckoning weft ward from the north 
point, we then have the brafs meridian of the globe coin* 
cidf ng with the true meridiap of the place. 
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SECT. 11. 

or TIIB SOLUTION OP GrOGRAPIllCAL PROBLBMfw 

Dlrcfliotis Jhr ujing the Globe. 

In iififig the globe, the eaft fide of the horizon muft alwayt 
be kept towards you (except the glolK requiie turning by 
the Frobleni%) for then the graduated fide of (he meridi&n 
will be tows: Js you, the quadrant of altitude before you, and 
the glolie divided exaAly into two hemifpheres, by the gra* 
duaced fide o the meridian. 

Whcs 
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When it it required to turn tbeg^be and fiane tx^ktif 
round, as is the cafis in working fixne Problems, the ball of 
the globe wiU fometimes be moved from the degree to wUch 
it is fet, by fnch motion ; to avoid this, the feather end of a 
guiil may be thruft between the ball of the globe and the 
meridian, which, without hurting the ball, will keep k mm 
Cuming in the meridian, while you cum the horixon abouc 



PROBLEM I. 
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To Jind the Latitude and Longitude of any given Placfi 

upon the Globe* 



Turn the globe on its iixis, until the given place 
exactly under the graduated Me of the brazen meridiafi, and 
obferve what degree of the meridian the place the6 Ikk 
tinder^ which is its tattnufe^ and is either north of fbutb. f 

The globe remaining in this pofition, the degree of tbt 
equator^ whkh h under the graduated fide of thb bfazdt 
meridian, is the Ungitude of the place ; and is either eaft or 
weft, as the place lies on the eaft or weft fide of that which . 
is accounted Hbejirfi meridian* Thus, all the Atiaiitic Ocean, 
and the continent of America, is on the weft fide of the 
meridian of London ; and the greater part of Europe and of 
Africa, together t^'ith all Aiia, is on the eaft fide of the 
meridian of London, which is reckoned the fiift meridian oF 
the globe, by Britifti geographers and aftronomers ; though 
she exaft meridian for England is that of Greenwich. 

PROBLEM II. 

To Jind any Place on the Gloley having tlie Latitude 

and Longitude. 

This IS the reverfe of the former problem, and is fbiir.d 
by bringing the point of longitude in the equator to the 
brazen meridian : then count from the equator on the brazen 

3 merUliaa^ 
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(licrUfan t<S the degree of tlie given btititde ; and under that 
iignt of latitude will be the place required. 

i>ROBLEM ill. 

".I J , . . . . . I 

To Jtnd the Difference of Longitude, or Difference cf 
Latitude^ lelweefi any two given Places* 

Bring each of the two given places to the braxen meridiani 
and mark their latitudes ; then, if both pbces are on the fame 
fide of the equator, the lelTtT latitude fubtra^led from the 
greater, will give the diflference; but if thej are on different 
fides of the equator, both latitudes mud be added together. 
And the difference of longitude is found by bringing each 
place to the meridian^ and reckoning on the equator thtf 
differenoe of degrees between the meridians of the twd 
places, if it be lefs than i8o degrees, or half a circle ; but 
if the difference be greater, it muft be fulrtniAed from 360, 
Bod the remainder is the difference of longitude. 

PROBLEM IV. 

Tojind all thoje Places that have the fame Lntittida 
and Longitude with any given Placet 

Bring the given place to the brazen meridian ; then ail 
thofe places which Jie under the faid meridian will h.ivc the 
fame longitude. Then turn the globe round on its nxis, 
and all thofe places which pafs under the (liir.e degree of la- 
titude in the brazen meridiaiii that the given place does, 
have the lame JaiituJc. 

I' Px O B r. E M V. 

To Jind thi Dli'ttinre letnrcn ary tuo PiUiry on the 

GMv. 

Liy the gi aduated edge of the brafs quadnnt of nltitudr* 
over both ihe placef, and count the number of degrees in- 

tcrcepted 



teroBptfd bdiiMi Ham wthvfHrinait^ which wiB IM Otf 
diftaace itf d^ptM } and which flnddplicd bf 60^ wMglv^ 
ite diflMcc in gMgnqihicd mites; but miihipfied bf 69I 
girei the diteoce in fii^iih sites. Or. the ditenca'betvrMtf 
tha two places nay be taken, witka pah: of compaflki, mt 
that extent applied to the equator, will ihew the number ^ 

PROBLEM VI. 

The Hour of the Day at amy Pktfe Iteing given, to find 
what is the H<nsr at any other Place. 

Bring the given place to the brazen meridian, and fet die 
index to the given hour ; then turn the globe^ until the place 
where the hour is required, comet to the meridian; and ibe 
index wiD point to the hoar at that pfane. 

PROBLEM VIL 

Tofiid the Sun^s Place in the Ecliptic, and ^ DecU^ 
nation, for any given Day in the Year. 

Look on the wooden horizon for the given day, and agpiinft 
it there is placed the degree of the fign in which the fun is 
on that day at noon. Find the fame degree of this fign iO' 
the ediptk: line upon the glot^, and having brought it to the 
brazen meridian, obferve what degree of the meridian ilands 
over it ; and that is the fun*s declination, reckoned from the 
equator. 

PROBLEM VIIL 

To find all thqfe Places in the north Frigid Zone luhere 
the Sun begins to Jhine confimtly, without Jetting, 
on any given Day : which muft be betivecn the zijl 
of March a^ the 2idofSeptemLer. (See Fig. ^ 
Plate 15.) 

Having brought the fun's place for the given day ta the 

brazen meridian, and fiouod hii dedinatioo,' (bf ProbkAi 

Vol. U. R VJI.) 



1^2 or oaooaiffBT. 

VIL) flonc « oBMj dK^cct M Ike ■cridHB fcon the Dflith 
pok M «c cqol to the fin'f dediottioav ud Bwk ttede* 
IpcefcMBihepoleondieiiKndaai ihea tnriikf theglote 
RMDd OB ksjn»oUcnrevhttpbociiD the noith frigid loue 
pw dtfcAly iHidcr dttt oMulcs far tfacy uc theplms re* 



The £mie prabkoi maj be rdblvcd for pbm within dit 
ibuth frigSd aoae^ far the other hdf of the year. 



PROBLEM IX. 

Tojimi the Pla£€ m-^ u hick the Sun is vertical at any 

Hour of a given Day. 

Fiod the fin*s dccIimtioQ lor the pvca day, (by Firoblem 
VIL) which mtfk oo the biazeo meridiaii ; then briof the 
pUce where yoa are^ ({uppo£c Loodoo,) lo the bmen neri* 
diao, aod let the iodes to the gprcn hour; then turn the 
globe on iu axis until the index point lo is at noon ; and 
the place on the globe which if diieftly undei the point of 
the fun*! declination, marked upon the meridian, hai the fun 
that moment in the zenith, or diiedly verticak 

Nete. The boor it at noon oo the hour circle it the up- 
pcrmoft It- 

PROBLEM X. 

Having the Day and Hour of a Lunar EcUpfe^ tojind 
all thofe Places ^ the Earth to which it will ha 
ijfil'lem 

When the mooo is eclipfed, (he ii always at the fiiU, and. 
confeqiientlyt oppufite to the Am ; tberefbrei whatever povt 
of the earth the fun ii vertical to, the moon muft be venicai 
to the antipodes of that part ; confeijuently, the fun will bo 
viGble then to ooe half the canh, tnd the moon to the other 
half. 

Therefare, find the place to which the fun i« vertical at 
the given boor, iby. Fkobiem IX.) elevate the pole to. the 

latitude 



* 

cfj^ cuKMnurar* 




luitttdeofdnlptaee^aiMl briog thtpbce to the upper put 
9t tb€ hmm maUmt then as the fon wUl be vifiHc to 
all cbofe pam of the globe wbidi aro abore the lioriaoii» 
Che iDOQo will bevifible to all tfaofe parts bebw it^ at fbe 
middle of the ecl^^» 

PBOBLEM XL 

To reaify the Globe far ike LaiUude, the Zemih, and 

the Sm*s Place. 

Find tbs fadttndB of tbr pbee, (by FroUeaa L) and if 
the placebo in poirii latkndt, raifeche north pole as mangr 
depoes above tiie horixoOf rownting npon the neridfaui iron 
the north pole to the horiJQO ; bat if theplaee beinfiiatb 
Intimde, nrfie the ibnth pole as manjr dsgrees: then twn the 
globe till the pfaHO oemes noder its latitiide on the bransn 
"aoBfidnnf and Mko^the qnadiant of aWtade to tlie men* 
dwit lb that die dtaaftned edge of its not may be joined to 
4tm taMu Then bring the fon% place in the ediptie for 
4e given day, to the graduated fide of the bmen meridian, 
and fet the hour index to is at nooO| and the g|lobe wiH be 

PROBLEM XIL ^ 

Havif^ the Latitude of any Place betwten the tuo 
Polar Circles, tojind the Time of the Sun's Rifing and 
Settiagf or the Length of the Day and Night, for 
any gwem Dojf m the Year. 

KeJHfy the globe for the latitude, and the fun*i p!ace|by the 
Ibftgoing problem ; dien bring the fun's place ii| the ecliptic 
to tb€ eaftero fide of the horizoni and the hoijr index will 
fliew the time of fun*nfing ; then turn the globe on iu axis, 
until die fun*8 place comes to the wefiem fide of the horixoni 
and the index will then (hew the time of fiiq-fctting, 

Rf The 
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The hour of fun*fetting being doubled^ ^vet the leng^ 
of the day; md the hour of the fun-rifiag doubled^ g^ves 
the length of the night. 

PROBLEM XTIL 

Raving the Latitude of a Place j and the Day of the 
Monihf to find when the Morning Twilight begins f 
ami Evening Twilight ends. 

Rc&ify the globei and bring the fun'i place in the ecliptic 
to the ctSem fide of tbe horiion i then mark that point of 
the ecliptic which is in the weAem fide of the horiaoiip 
which is the peiot eppofite to the fun's place ; and laf the 
qvadfant of altitude over the iaid pointt and cim the globe 
eaOward, keeiMi^ the quadrantat the iasie mark, uotilihe 
laid point on the ecliptic is i8* high on the quadrant^ and 
the index will point out the time when the Bnorning twilight 
begins i far the fun's place will be i8* bdow she eafleni 
fide of the horizon. Theui to find the time when the cuau- 
ing twilight endsi bring the fiui's pboe to the weAsni fidt 
nf 'the horiaen» and the point oppofite to it» which 
mariwd, will be rifing in the call ; bring the quadrant 
that point, and keeping it thereon, turn the globe wcftwardi 
until the faid point be i8* abofc the horizon on the qua- 
drant, and the index will fliew the time when the eveiung 
twilight ends ; as the fun*s place will be then 18* below the 
weflem fide of the horizon. 

When the fun docs not go 18* befow the horisoa of an/ 
place, the twilight continues the whole night in that place: 
and between 49* of latitude, and the polar circles, the iwi- 
light continues for feveral nighu together, in the fummer fen- 
fon : and the nearer the place is to the polar dfck^ the 
greater is the number of thefe nights. 



PROBLEM 
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PROBLEM XIV. 
To find what Day of the Year the Sun begins to Jhine 
confbmtly without Jetting^ on any given Place in the 
Frigid Zone, and how long it continues to do Jo. 
RefHfy the globe for the latitude of the place, and turn it 
about till foroe point of the ecliptic, between jiries and Catt* 
ceTf (if the given place be in the north frigid zonej coincides 
with the north point of the horizon, where the brazen meri- 
ditn cuts it. Then find on the wooden horizrn, what day of 
the year the fun is in that pmnt of the ecliptic ; for that is 
the day on which the fun b«ginf to iliine coi\(laiitly on the 
given place, without letting. Then torn the globe until 
fomc point of the ecliptic, between Cam;ir and Liira^ ooinctde 
with the north point of the horizon, where the brazen men* 
dian cuti it ; and find .00 the wooden horiioa on what 
day the fun is in that point of the ecliptic 1 which is the day 
the fun leaves off confiandy fliining on the iaid placet *"^ 
rifies aad iets to at» as to other places on the globe.. The 
. munber of natural ds^ or complete revolutions of the fun 
about the earth, between the two days above foiiod, is the 
time that the fun keeps conftantly above the horizon without 
letting I for all that portion of the ecliptic which lies betweca 
the two points which interfed the horizon in the very Dorth« 
never fets below it; and there is jufi as much in the oppofite 
part of the ecliptic that never rifes ; therefore, the fun will 
keep as long conftantly below the horizon of every place 
upon the g^)be in winter, as he is above it in futnmer. 

PROBLEM XV. 
Having the Latitudey the Sun's Place, and his Altitude^ 
to find the Hour of the Day, and the Sun's Azimuth^ 
or Number of Degrees that he is Jiftant from the 

Meridian. 

reftified the globe, and brought the fan*s place to 



the given height upQ %d ie quadrant of altitude^ which muft 



be 
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be on the rafiem fide of th« luH'izoD, if the time be ia tbe 
ibrenoon ; and on the weilern fide if it be afternoon ; then 
t)ie index will fliew the hour of the day ; and the number of 
degrees in the horizon intercepted between the quadrant of 
altitude and tbe Ibuth point| will be the fua't true azimuth 
at tha^ time, 

PROBLEM XVI, 

Tojini what Hour of the Day it is^ in any Pari of the 

World. 

ReAify the globe for the latitude of the place ; and having 
fet the index to the hour of the day, turn the globe, and 
bring the places of which the hour is required, fuccefitdy to 
the brazen meridian, and the index will point to the feveral 
hours. For example: if the place he London, and the hour 
la at noon, the globe being reified for London, and London 
brought to the meridian, and the index fet to the hour it, 
lum the globet till Naples comes to the brasen meridian, and 
the index then will point to the hour i ; Napla being !{• 
eatward of London. Then continue to turn the globe ij* 
further, and pKerlburgb, Conftantinople, and Grand Cairoy 
will come under the brazen meridian, or very near it^ then 
the index will point to the hour a ; thefe three citiei having 
the noon.day fun about two hours before ui in London. Atid 
turning tbe globe 15* further, the index will point to thn 
hour 3 ; and all the places under the meridian m ill hfive the 
fun vertical to them. And thus for ever}* 1 $* of longitude 
ctitward, the iiihnbitayits of ihofc places have the fun an hour 
fuoncr. On the contrary, all the inhabitants fituated to thp 
m'cftwurd of London, have the fun later in t|ie fiime propor* 
tion; that is, an hour later for every 1 j* of weAern longU 

tUilc. 

Moft of tile foregoing Problems may be refolved b/a map 
is well as a globe, though the operatiqn may be fimcwhai 

moie 
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more tcdknM, pufinilirlj bjr Fhie to, where the two be- 
mifpheiM of the worid- r^icfail the fiirface of a terrefiriai 
globe in fhaom 



WINDS. 

Wifids are generally divided iato two parts, according to 
the different parts of the earth on which they blow; being the 
tropical winds, or thoTc which blow between the two tropics, 
and thofe which blow without the tropics. 

The tropical winds generally extend to 30* on each fide the 
equator, and are of three Unds : i • The gemtral irsde^tviit/s. 
s. Them&mfimu. 3* Tht fern andlafui hreezes. 

I. The trader winds blew from north*eafton the north fide 
of theeqnator, and from the fouth-eaft on the fourh fide of 
the equator, and near the equator almoft due eaft ; but under 
the equator, and from s to $* on each fide of the equator, 
the winds are variable ; and fometxmes it is calm for a nx>nth 
together. 

a. The mnnfooos are periodical winds, which blow fix 
months in one direAion, and the other fix months in the op* 
pofite Predion. At the change, or flsifting of the monfoons, 
are generally violent florms of wind, thunder, lightning, and 
rain, which always happen about the equinoxes. The roon« 
foons extend about two hundred leagues from land, and are 
chiefly in the Imfian feas^ 

3. The fea and hnd breezes are alfo periodical winds, 
which blow from the land in the night, and bed part of the 
morning; and from the fea from ten in the forenoon till fix 
in the evening. Thefe do not extend above two or three 
leagues from Ihore. 

Near the coaft of Guinea, in Africa, the wind blows almoft 
conftantly from the weft. 

Ontbecoaft of Peru, in South America, the wind blows 
conftantly from tht fouth-weft. 

a BctTvccn 
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Between the third and tenth degree of fonth latitude, Ac 
ibuth-eaft trade-wind continues from April to OAober; bue 
during the reft of the ;■ car, the wind blowk from the north- 
weft. Between Sumatra and New Holland this wind blows 
from thefouth from March to September ; but from Septem- 
ber to April blowi in the oppofite dire^ion. Between Africa 
and Madag^fcar iis direiftion U influenced by the coafi ; for 
it blows from the norib-cad from Odober to April; and 
from the foiith*wefi the reft of the year. 

In the Indian ocean, to the northward of the third degree 
of fouth latiiudc, the north-eaft wind blows from OAober to 
April, and the oppofite wind the reft of the year* This 
wind blows nearly from the fouth in the fummer momhi, 
from the ifle of Borneo, along the coafi of Malacca, ai fir at 
China; and in the winter months it blows frun the north by 
eafi. 

In the temperate zones the winds are very irregular, and 
no certain rule can be tomied of their changes. But when 
winds are violent and continue long, it is generally found 
that they ci^tcnd o\ er a large trafl of country ; particularly 
if they blow from the north or eaft. By the multiplication 
and comparifons of meteorological tables, tlie fallowing 
theorems have been deduced. 

In Virginia, the prevailing M-inds are between the fonth. 
weft, weft, north, and north-weft; but the moft frequent it 
the fouth-weft. At Ipfwich, in New England, the prevail- 
ing winds are the fame, but the moft frequent is the north- 
weft. At Cambridge, in the fame province, the moft fre- 
quent U the fouih-eaft. The picdoujinant winds of New 
York arc the north and weft. And in Nova Scotia, ncrth- 
iicft. And at Hu.ifiMi*s l?n\, ucft. 

Ir apixrars from ihete ohlenaiiuns, that the wcflcily winds 
arc the nic^ft frtijiitnt over t!ic ;\hole cjftern coafts of Nonh 
Aaietiia; but in the louihcin pn.vinccs the fouilwweft 
wind U predoiiiin.mt ; and the nonh-weft wind becomes gra- 
dual'} ir.oie irequcut m wc jj)|n-o.Kh the frigid zone. 

In 
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In Egypt, from May to September, inclufivc, the wind 
blows almoft conllantly from .the north, varying in a fcvr 
S>ointt froin eaft to weft, in the months of June and July. 

^n ^M Mediterranean' iea the wmH blows nearly -nine 
.months of the year from the north ; and at the equinoxes theve* 
i8iihiraysan-«KKr)y\v>iod^D&atfea. 'Biit in the ftraits of 
<}ibra]tarr tWsHf teds are either from eaft oV wed. - 

In -Italy 'the pre\*ailing winds differ cdnfiderabtyi^accordinf 
to Ahe. ^tuatkm of -the places-: at Rome and Padua they are 
■ortherly; at Milan^cafterly.. 

The pnoniUing wind in Spain and Fbrtugal is the weft; 
particularly..on the Jwefteni.coafti ot'ihde«Qiintncs ;- but at 
Madrid it is north-eall. 

In^Rrance, idcng the whohe fouih xotSL 6f -that-cotfifkyy 
A» wind b!ows moft fivqnentJy from the. north, or nonh^ 
raft and north- weft« On the weftern eoaJk of the Nether^ 

IpBdf, .as tfiM-jiorth at Rotterdam, the freiailiijg. wind is the 
ibuth-weft« 

From the legiAery h^ffor the f|taae of.ien jrears, by onfcr 
«f the Royal Society at-London, the average of tb^ winds at 
tfhat place.-blow in the following order.: — 

-VEinds. • Dayis. VTiiidk. Days. 

Sruth-weft 1 12 I South-eaft $t 

Nortb-eaft 5B '^ " 



North-weft xo 

Weft 53 



iiaft 2b 

SouAi 18 

North 16 



]|t appears from tills regifleri that the fouth-wefi wind 
blows at an average more frequently than any other winds, 
during, every month of the year, >ut particularly in July and 
Auguft ; and the north-eaft blows moft conftantly during th.e 
months January, March, April, Msn% and Jupe, and moft 
feldom duiing Febniary, July, September, and December; 
4md the north-weft blows more frequently fro^n November to 
Ma^ch; and more feldom in September and Oclober than 
in any other months. 

-Vol. II. S Tides. 
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The tide is that rift and &U pf the water o)>fcn%d oa all 

tpantimc coafti* 

It IB ol^feryablef tbatcmthc flKKC^oftbeoeaant andUiaU 
bayt, creeks, harbouCTi &c. which have a free eoniiniiuie»r 
lioo wjch the opeao^ the waters rife up abo«|s a certajn nea^ 
rate twice a di^t aod as often fink hehnv s ihit is whst it 
called the jCW and iU\ or an hi|h and low water. Thf 
whole imerral between high and low water is called a tides 
the water b laid to jira; and to #A( ; and the rififig it calM 
peJMtide^ and the filling the M ttit. 

This rife and (all of the i^nuxt is ^ry yartable ifi qoan* 
tity. Thus, at Plymooth it is femeti m es twentynaip k^ 
between the greateft and leaft depth of the ^ffater in oiie d^i 
or between high and low water | and fcm e t iw es it is ^akf 
twelve feet. 

Thegreaiea flovrof tideiiianf pl«BeiscallBd 8>iAyiUy 
and the leaft flow |s called a m^ iiie% and the diftrsot 
heights of the tide gradually increde every day from a ne^ 
to a fpring tide ; and then gradually dccreafe from a fpring 
toanetptide. 

The whole time between the fpring and nkap tide ii 
about fifteen days ; and two of theie intervals will make « 
cxad lunation, or change of the moon. For the fpring ti^ 
}s obferycd to happen at a certain interval of time (generally 
between two an4 three d^ys) after the new or full moon s 
and the neap tide at a certain interval after the half i|ioon. 
Thus, the high water happens at new aqd full moon, when 
the moon has a certain determined politjoo with refpe£^ to 
the meridian of the place of obfovationi preceding or tbUow* 
ing the moon'i fouthing a certain interval of time ; which is 
always conftant with rcfpeft to that pYacei but very different 
in different places. 

Tbf 
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The interval betweeo two fiicoeediag high waten is itrf 
Yarial>lc. It is Jeift of all about Hew and full moon, and 
freatcft when the mooniiat bdt qoadiatures. As two hig^ 
waien happen every day, we may call the double of their 
interval, a tide day. N(i#i this tide day is ihorteft about 
new and fiiU ttoon, bring then Aont a4 hours Mofi 37 mi* 
tiutes ; but loogeft at the moon's quadratures, being then nj 
lioavs and t; niaain. 

The tide^ beiilg in fimikr drcumflaaceii are grertcft wkte 
fbe moon it at her kdk difanoe from the earth s and lealkt 
when die tanther grcMeft cBftance fipom the earth* 
- The fine diaj be rcnaarkcd with idjpeft to th€ fun*s difr 
tancc. Thusi die giealeft tides are idiKivod daring Ae 
wifltcr momht ta Europe^ of wheu the fun it at his ledk 

The tides in cvciy part of the ocean iMMde m ditf.ilKNM^ 
bf changbig her deciiflation» approaches the aenitfa of that 



The tides wUdi happen whik Ae iBooti is Aoire the 
horiton are greater than thofe of the fame dsjr, when the 
itooo is bekiw tbe horiaon. 

Thefe are ail (he regular pfccpom c n a of the tida. They 
are of the utnwft importance to all commercial nations, aifd 
have therrfbrebcen mtich jotended to fay all naftgatori and 
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THS GRAMD DLVIdOMfi 09 THB SAETHr 

The principal divifioot of tKe eartli^ aa^btfbro mentioocdlii 
arey iolD knd and water. 

.Tho land i» dwidod into two great continencs^ befidca. 
iflands, viz.^-The taficm a«d weficni coatiocnta. Tbc^ 
caftern contineat- is fubdivided intp' the foUowbg paitir 
viCp ^^Europe oa the north-weft, Afia on the mnth-calU 
and AAfci^OD the fouth,. being joined to Afia by the-lfthnuia 
of Suez, which is 60 miles over. The weftcm continwil. 
confifts of Norths and South America, joined, by the IfihmM 
of Danes, between 60- and 70 miles in breadth* } 

Europe ii again fubdivided into the following principal 
parts, and is fituated between the tenth- degree weft longitiide 
and the iizly-fifth degree eaft longitude,, and between thft 
thiny-fixth and feventy-feccnd degree of north latitude. I| 
is bounded on tho north by the Frozen Ocean,, on the ctft 
by Aiia, on the fouth by the Mediterraacau Sea, which 
divides it from Africa; and on the weft bw Hw Atlantic 
Ocean, which feparates it from AnKrica ; being 3000 miles 
in length, from Cape St. Vincent in the weft to the nooutK 
of the river Oby in the north*eaft ; and a joo milci broad 
from north to fouth, from North Cape in Norway to Cape 
Cayha in the Morea, the moft fouthem point of Europo: 
It contains tlie following ftates and kingdoms v 
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^o 11 c 


5 45 °e 


14 daci. 


140 


i!o 


Copenhigen 


S5 40 45 


.» 55 'SE 


3 50 iibcf 


&" 


ioo 


50c 


Siockholm 


59 5S * 


'S JSSE 


1 n i6bef 






PclettbutgU 


jo,iS iSE 


1 I Ijbd. 


Kffi^ 


7110 


6ge 


Wufaw 


S» 14 c 


i.'o3oB 


t 14 ibef. 


«0» 


350 


Bcrlh 


51 Ji 30 


.J 26 .5E 


" 5J 4^r. 




60c 


JOQ 


We-Via 


«8 il.*o 


iS XI ^"E 


. 5 jcbcf. 


fel3^ 


30c 


JJO 


Pi^c 


50 4 JO 


14 45 oE 


s, Oitt. 


150 




AmKeidMi 


505'^ 


4 45 JoE 


19 ibcf 


Wlandcn 




100 


Bru^elj' 


4..-45E 


3 17 irtet 




(00 




P»ri» 


(9 s^ n 


I 10 oS 




TOO 




Maikid 


40 15 


i ^5 45*" 


I) 4J»ft 




)M 




Ufhon 


38 41 15 


S 9 59« 


36 40»ft 


ttwifleilinil 


1*0 


100 


Bern 


« 


J 40 oE 


2» obet. 




)5° 


400 


Rome 


♦■ iJ S4 


r. ^, -sE 


«-^cb.r, 




JOO 




Buda 


47 « S 


>9 2, oE 


I ij <lb£t, 


r^""^j 


14QC 


7JO 




»S 53 49E 


I S5 3Sl*f 



Bifidei tbe foregoing flatd, Enope conlairtr fenral iflandi, ' 
of which the Mowing axtjiic pfificigDi. 
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I 



Vm^^ 



CHefn 



Smffea-H 



^Zeihnd«7inicii,Alfeii, 
Falfter, Langbodt La-' 
land, Fcfnereiii Mooa, 
Borohohn 
GotUaody Aland, Rn- 



Shalhok 



Dcoiaark 




tnthe Bittic 
Sea 



U Dagbo 
I^Ufedoni, WoUin 
Ivica 
Majorca 
Ifeditciranean ) Minorca 

CorGca 
Sardinia 
SicOy 
rLufie«a» Corfu, Ce- 
Gulf of Venice < phalonia, ZaB% Leu 

tcadia 

fCaodia. Rhodes, Ne^ 
l^pont, Lemnos, To* 
nedof, Scyroi, My- 
teleoe, Scio, Samoi, 
uevanc seas I^tmoi, Faroi, Cerip), 

Santorin, &c. bem^ 

Src of Ancient and 
oocrnorvfcc i 



Mijorea 

PartMaliQn,Siiaia 

Baftk 

CM^iari 

FBMmo 



I 



Denmanr 

Swedai 
Ruffia 
^ruffia 
Span 
Spain 
Snai 
¥m 



iK.SafdWi 



K^offSId 



Venice 



■■ . < 



r • 



Mta 



' 



Afia B fituated between s$ and x8o degrees tof eall loo- 
fitudet and between the equator and 80 dejpces north 
latitude; being about 4740 aUet in lengthy firom tiie 
Dardanelles on the weft to the eafiem ihore of Tartar}- ; and 
about 4380 in breadth, from the moll fouthem part of 
MaU'xa to the moft northern cape of Nova Zembla. It is 
bounded by the Frozen Ocean on the north, on the weft it 
is feparnted from Africa by the Red Sea, and from Europe 
by the Levant or Mcditenrnnean^ the Archipelago, the Hel* 
leipoBl, the Sea of Mamora, the Bofphorui, the Black Sca« 
the river Don» and aline drawn from ii to the river Tobel» 

.1 atid 
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and fraa tkcMB to ilw nv«r Ob^ wkich Uk ian» l)kc Fro- 
^cnO«ai); on tbeoftit irboandfld bjrdwftcrfieOecmtir 
Sonih Sea, wbich icpcnta it fran Amcrfc*; aod oi| tbo 
IbiKfa, bjr the ladiu 6ccaa : ihm, k ii iliaoi. funonnifid 
l^rikeliab TU ffiaopal dinfiopi «rc m fcUaw « 



A TABLE. or A$IA. 



A-'iM». 


! 1 


ail/" C7/in. 


'^■•"* i^,^ 










D. M. S. D. M. B.iH.M.S. ] 


i. (-lr»lq«>ia™i 


BH.a>,». 




19 50 


69 4 3« <tel. 


5" 1 MopilOA 


^ M,A 


rib« 


37 


8 oS*» *»« 


sfe^' 




ChTB.»Il 

roboi&i 


,g 

5* 11 18 


i» eg 4 ebrt 

68 ii4«« j84»tjd 


"Pifia 


IJCO 




sAtBorptepi 


.W 5S 


;i 40 o'l Ji WW 


1 inJi. 






.♦ >B 


loo JO o,« 4J lolct 


mfx 


i;oc 


^,. 


il 10 


t9 »i 


I Id e^. 


[»'>!» 


«4*: 


iiSc 


Pefcia 


i* 14 J« 


ii« r* 15 


1 *i »rw. 


Gc»rK>> 




14c 


TrfL^ 


,J 


4« >j <■ 


J 10 «w. 




J(C 


300 


Erteram 


W S« 35 
jj 10 


4B 3f 4i 


LJA iibcf. 


Kxbcc * 1 
Me(bpo,«nUj 


Sic 


31c 


BHd>t 


41 4« iJB «l*f 


taToTui 


tjo 


18! 


f Buift or 


!• U ? 


IS w e 1 11 loW 


•alcftiiM 


no 


90 




3> SS 8 


») »S 4i > 4S H^ 


CTofAntfa 


IJO 


tfo 


br 


J5 45 »3 


40 fK el* 51 ohef 
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AficAic IJUmis mthe Indian amd Pacific Oeeam. 



Btltm^fimgt^ 




HoUand 
The Tapioefe Iflet 
The LadroDCS 
FoiTDon 
Aniati 



Sydney Cove 

Jeddo and AAeaoo 

Guam 

Tai-ouan-fou 

Kionteheow 

Manilla 



The Philippines 

The Molucca or Clovej 

Ifles jV^iAoria Fort 

The Banda or Nutmcgj 



Englidi 

Dutcii 

Spam 

China 

China 

Sj-ain 

Dutch 



.I0C3 

Ainboyna 

Celebes 

Gilolo 

TbeSunda /^"!f,^. 
Idea 1 Sumatra, 
t Java, &c. 
The Andaman and 

Nicobar Ifles 
Ceylon 
The Maldives 



L^ntor 



BoflA^ 
Thlk^ 
ScaSnCa 



Amboyna 

MacaUer 

(;iloIo 

Borneo Ca3rtohgee 

Ac hen & Bencoolcn 

Bauvja and Bantam 

Andaman, Nicolsar 
Can din 
CaridoQ 
Bjpmbaj 



, Dutch 
Dutch 
Dutch 
Dutch 

Several Nations 
En>;!itfi.& Dutch 



Dutch 

Several Nations 

Englifh 
bnglini 
Eu^lifb 



L 



le Ides in the 
^Kamfchatka, dif- 
covered by the Ruffians «- |Rt) dia 

New Guinea, New Britain, Kcw Ireland, New Hebrides 
New Caledonia, New Zealand, and the Friendly, Sand- ' 
vich, and Society Iflands, are uncolonized. 



Africa, the third grand division of the glohe, ii generalljr 
rcprcfented as bearing fome refemblance to the form of a 
pynunid, whofe vertex or point is the Cape of Good Ht>pe^ 
and it! bafe the (hores of the Mediterranean Sea. It is a 
peninfula of great extent, joined to Afia by the Iflhmui of 
Suez: it! greateft length from north to (bmh, from Cape Bona 
in the Mediterranean, to the Cape of Good Hope, it 460Q 
miles ; and the breadth, from Cape Verd to Cape Guardafui, 
ii 3500 miles. It is bounded 00 the north by the Mediterra* 
ncan Seaj which feparatei it from Europe ; on the e.ifi by the 

l^hmus 



<ir AMOKAMnr. 



"37 



Ifthmui of Sie^ ibc R6I Sei, and the Indian Ocean, «Iuch 
dividei it fma Afia ; on the fouth hj the Soutbem Oettta t 
and on the weti by the great Atlantic Ocean, which fepiratet 
it rrom America. 

Very few travellerf have penetmled into the interior pan 
of ifaiiqoarterof theworld; confeqaeDlly we fUll rcmun 
ignonmt of the boundf, and even af the names of nuBy itf 
the inbn^l parts; but, according to the beft accoiutik it 9 
divided according to the following table ;— 




ill »^ 



I >« It— /w 

|G"f>ra^<i.;(;"'>ni<tfi. 



4DcUS0 
400' 10: 

6oo| 
goohSo 



Id. m, s. id, I 

jjj 40 os' e 

' Algitt) u6 49 oN 
runii 3« 40 ON •. 

rripoli Ui 50 oN 1 

MniiHa tji 53 oN'ij 
Snud Ctiroko a oN.'^i 
Dar« I I ' 

Midingi 



Subfa 
CxondaT 
UnnciU 



• 9ber. 
i4bef. 



The middle parts, called Lower Ethiopia, are very little 
known to Europeans, but are computed at one oiillion two 
hundred thoufand miles- 



nnadcNuil 
Hateoton 



S JO o3 ,14 30 c 
I o oS ■+ JO 

. qonLs =° 
5 o uS I40 00 



; obef 
1 40 her. 
. iljlict 
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I 'abet Mamiel 



7 



Z«3Cixr3 in the TodLiB Ocean ICalanfia 



Rehmg H 



;Jo.inna 

'Sc. Aaftia 



\launcitts 



^ la :aci:car, vi»tto 

^\LianPi», ditto 

|Boarboa« 4ino j^ 

ISr. lUflMt ia the Atkja.Ocem) ^r. H«!caai 
vAfcenion ltk» dioo — 

tScTSxcas 
|Sc. Mjnhtfv, ditto 
JAnaboj, Ifn.ceu IfLiod^ 
iF'emsmcogow diRo 
iCape Vcrd Muias^ ditto 
iGorec, Jitro 



Frencll. 
Diito. 



*St. TliocDas 
I — 



J 



UniDhabited* 
'Uninhabited 

1 

Portuguefr* 

1, 



I 



St. rom*«n;»o 'Portugucle. 
Fort Su>!ichie: French. 



f Falroa, St. \ o„,,-. 
I. ChriftcH>h€rjf*P^"'- 



Sonu Cruz jPortogucfeb 



iv^axaries, eicto 

'Madetns, ditto 

.The Aiore% or Weftcm 

! liles wlilch _ 

Ponugude. 

Tv^f Africa, 2zd. Azne- 
ncu ditto 



1 



Aircrica« the great weflcrn continenr, called the Ncv 
World, runs north and fcucli through even* habitable climaiB 
t:poa the earth ; cxtcncii:;g frum the eightieth ccgree cf 
r.cith latitude to the fiftj-(i\:h degree of finith latitude ; and 
its breadth, where it is Vuown, extends frum the thirty-fifth 
to the CDC hundred and thirty-Gxih degree of wed longitude 
from London ; being near 9000 miles in length, and 3690 bi 
breadth. Fj^tcnJing into both (he hcmifphcres, ii has oon« 
fequently t«o lummcrs and two mintcrsi and has all the ra* 
I iety oi cl::nates to I c inet \vi:h on the face of the eanh. On 
tike cud i: is Ixjunded by the great Atlantic Ocean, which di* 
\u\ci \t ifuai the caftein contintet. On the weft it has the 
IWitic Ocean, or great South Sea, whieh feprates it fmni 
Afia. ItUcompofedof twoparts, called North and Sooth 
Amciiri, joined together h\ .1 narrow neck of land, called 

the 
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tbeHbnui* of Daricn, io the kiogdom of M«uco, i;oo 
milet iaag, and at me part bring only 60 mile* ia breadth, 
fo that to effisft a comcnuoicatigo beiween the two oceani ii 
bj DO meao* difficult. In the great gulf, which ts fonocd 
between the iflhrnin and the northern vkI fouthem conii. 
senti, Ik a multitude of iflandi, denonynated the Weft In- 
diep, incoatradiftioAioo to the iflandi of Afia, heyondtfae 
Cape of Good Hope, wlricb are called the Eall Indiei. TJie 
gtand dirilEoni of North Americs arc as tbllows ; 

North America. 





■E 


1 j C»if/T«r,->. 




Lmg-mJt D'-ft 


ni.« H 




? 


UlitMjt. 


_/.nr . T<«r 


/™. 




M 


4 I 




CrrrinnnI | &Vr, 


>«iri. 


'lew Britain 


Nil imn«,- 


tt M. S. 


D. M. S. H.M 


8. 


Hknate 




ICO Ouebcc 


+« 55 oN 


69 5} 0W4 39 3oaf(.I 


SonSeotit 


3i° 


icoHalifwc 


4+ 4S oN 


64 JO oW'4 iS 




JundSiaits 


IJJO 


JM PhiUdelphia Uj 57 cN 


n S oW 5 


o.ft. 


Wtftnoridil 






Bl I00W5 IS 


D>[| 


500 


■"°1PenficoU 


30 31 oN 


8j :o oW 5 49 


oafi 


LooHIuu 


K,r linro New Ollcin* 


30 oN 


(17 S °W|5 48 




l.lleiico -) 


1 jfSanuFee-J 








«a i 


>oc<, .6oe'^ i 


35 31 dN 


105 ow'7 


oafi 


MfoiDla J 


|tSt.Ja»a J 




1 




lfc«iCO,M 1 

New Spiin f 


icoc 6ooMfiico 


19 54 o^ 


.DO 5 0W;6 40 


o»ft. 


South America. 


ran ^iima 


l+OC 


70cIl'iiii!Ui:» 


S ^^N, so .1 oV%.i Ii 




'en. 


i8cc 


.ooll-inin 


11 1 c S 


5« ♦S' 0W.5 J 








S6t-ii-r.Vi«™, 














4«o 


t Cayenne 


6 oN 


Tl 30 oW 


} 41 


oaft. 


iJniana 


j8p 


4S'.oN 


ii IS oW 


I 19 










r St Sfbafti«B 
\ Sl.Silvidorc 


11 59 S 


44 .6 oW 


^ 57 


Old. 


\tvi\ 






u S 


3* oW 


1 Ji 


OB(( 


•w^y, •» 






fAfli^mpiion 


34 .0 S 


60 4c oW 


4 J 


oafl. 


-«SiU J 


1500 


n»c 


^and Buc-\ 
IncAyTcJ 


J+ 3S a S 


58 ji oW 


! 5+ 


OlfC. 


mm 




SOO 


Si. J^o 


33 4= * 


T7 oW 


5 8 


oalt 


renm M.- 1 






CUncolooifcd 










;,lUnic.nri 


7<K 


JOC 


\ ^r 










P.rwnik J 






(. Eucopcuw. 
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K 



Otwad Divjfioms % 



Anunca. 



Tcrim Kinna 



it 



? 



I \Di/kmmm 



t40cj 70c ^nama. 
i8oc| 6co Lima 
iao«?j 960 

J \Carsimc/ 

2COC 700 Sc. Sebaftiaii 




4650 S. W. Spain.^ 
552c S. W. Oitco. 



6000 S. W. Poftm^. 
BoeooiA) ie»!6c40 8. W. Spato. 
~ Jago 6^» S. W. Ditto. 
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The principal IJlands in North America belonging io 

the Europeans, 



IJIamds. 




Newfoandland 
Cape firetoD 
St. John 



r 



« i f The Bermwla \ 

fill ^^«^ J 

""3 tTbcBahamalflcs 

rjamaica 

S I oarbadoes 

S St, Chri(lopber*8 

Antigua 

Nevis 

Montferrat 

Barbuda 

Aoguilla 
S I Dominica 

St, VinocQt 

Granada 

Cuba 

Hifpaniola 

Porto Rico 

Trinidad 

Margarita 

Martinico 

Guadaloupe 

St. Lucia 

Tobago 

St. Bartholomew 

Defeada 

Marigalante 

St. Euftatia 

CurafTou 

St. Thomas 
.^St. Croix 



T5r 

1 



1 

I 

1 



1 

J3 
'C 

e 



c 






3?o 
no 

60 



400 IJI 
number 



140; 
2t 
20 

ao 
6 

5 

20 

30 
28 

24 

30 
700 

450^ 

100 

90 

40 

60 

4S 
as 
3» 



200 
8q 

30 



CkiffTorom, 



Placentia 

U)uifi>ur| 

Charlotte: 



8q Uxiifturg 



Bi^IoMgS to 



- St. George 

iSJailaa 
.60 Kingilon 

14 Bridgetown 
7 fiaife Terre 

so St. John^s 
3 CbarleUown 
4.njnioutb 

ift — 

10 — 

iSKingfton 

1 5 St. Ucorgc 
90 Havann^ 

[ 50 St. Domingo 
49 Porto Rico 
60 St. Jofeph 

*3 

30 St. Peter 

38 Bade Terre 
12 

9 



4 
10 



The Bay 



7 
30 

30I io|Bafle End 



England 
Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

EHtto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Spain 

France 

>pa}n 

England 

Spain 

France 

England 

France 

Ditto 

Stvcdcn 

France 

Ditto 

Dutch 

Ditto 

Denmark 

Ditto 



I (ball 
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I (hall here fubjoin a table of the fuperficial content of the 
feveral |>arts of the globe in fquare milet, accounting 69 
iniles to a degree on the equator* 



llic Globe 
5ca« and un-*! 

known Part* J 
llic habitable 1 
World / 
Europe 
Afia 
Africa 
America 
Pcrfian Emp. ") 

under Dariui / 
Runian Emp-l 
in iti |;ri-at- > 
eft height J - 
Ruffian 
Chincfe 
Great Mogul 
Turkifh 
F^cfent Perfia 

ISLANDS. 

Borneo 

Madag^fcar 
Sumatra 
Ja()an 

Great Britain 
Celel>e« 
Manilla 
Iceland 
Tena del Fu- 

ego 

Mindanao 



Spurt MUts, 



l60,52Z,026 

38»990»5^" 

9,654,807 
14,110,^:4 

I /«o,8c.- 
i,6to,ooc 






} 



ifi*^' Mil., 1 



4,161,685 
I, 749.00c 
x,ii6,o<xj 



Cuba 
Java 

Hifpaniola 
XewfoundlanJ 
Ceylon 
Ireland 
Formufa 
lAnian 
'Gilolo 
.8ioiIy 
Timor 
■Sardinia 
Cyprus 
Jamaica 
Flores 
ICeiam 
Brctfin 



9^o,'><-[}Sr.ct>:ia 



8co,ODC 

i68,occ 
ii9,or: 

6R.42C 

46,0. ' 
4=»075 



Camlia 
'Porto Rico 
^.'uriica 
Zealand 

Majorca 
]St. Jago 
|Negf..-,>onf 
iTencriff 
iGuihhnd 
Madeira 
St. Michael 
■Skye 
Lewi* 



Mile,: : 'J'""^*' 

58,40oi Fiuicn 
38,25o:'Yvica 
36,000: 'Minorca 
35,500 Rhodes 
17,73' Ccpha?oni.^ 
37»457 AniHoyna 
i7»-i->*'' Orkney) 
ii,90O|| Pomuoa 
10,400 Scio 

9,40C> MhTtinico 

7f>*"5:-Lcmnc» 

6,600; Corfu 

6,300 Providence 

6,000, Man 

6,oc*o. Bornholm 

5,40^ \V:/r.t 

4,occ M^lta 

3,6co .K../badoc9 

2,220, Z«n*. 

3,2CC| Ai.ti|;ua 

2,-20. St. Chiia*.- 

>»*35i' P^cr 
X, -106, St. Helena 
i,.jcr\Ci:cmfe3r 
1,300: Jcncy 
1,2*2 Bermodaa 
i,rro;Khodef 

oco ; 

920 ! 

900 i 



■r^ 



:6« 
•125 

520 

420 

4c o 



324 

260 

220 

»94 
168 

160 

160 
ISO 
150 
143 

120 

too 

80 

80 
50 

43 
40 
36 



There are aifo feveral other confiderable iflands* chiefly in 
the South Seas, the exact dimenuont of which are not cer* 
tainly knowny but they may be ranged according to their 
mk^iM'.iuie in the following orfier: New Holland being 
ncjriy equal in fize to the whole continent of £urope. 



Htvr 



JL 
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KewRoifamd. ^ Otahcitc, or King Gcofje' 

New Guinea. IlUmd. 

New Zealand Friendlj Iflands. 

New Caledonia. Marquefai. 

New Hebridet. Eafter, or Davis's Ifland. 



SECT. IV. 

OP THE blFFER£KT GOVEBNMBNTS OF THE WORLD. 

Mankind were no ibooer united into civil focietiei, than 
they dilbovered an inclination to oppreis each other. That 
fyfiem of equality, in which they were left by nature^ gave 
the ftrongeft, and the mofl crafty, the advantage over his 
weaker and undeiigning neighbours. From hence arofe the 
neceffity of forming conjunctions of feveral individuals, or 
families together, who (bould implicitly follow the didates 
or commands of feme cbofen fuperior, or leader. And, to 
prevent the altercations, flrife, and confequently bloodfhed^ 
that inevitably followed the nomination of ever}- new leader^ 
or prince, they caufed the office to be made hereditary. Con- 
fequently, abfolute and hereditary monarchy was the fird 
original form of government ; as appears from iacred writ ; 
where Nimrod is rcprefented by his courage and dexterity to 
have acquired a fupenority of fame and power above his con- 
temporaries; and he founded, at Babylon, the firll monarchy 
whofe origin is mentioned in hiftory. 

In the year 1496 before Chrifl, the Greeks were the firft 
people who, by the advice and public- fpiritcd endeavours of 
Cecrops, and Cranaus his fucceflbr, formed ^ regular 
council. For Amphifbron, one of tbole difinterefted cha* 

rafter' 
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racers who live for the good of the communtfy of which he 
is a member, endeavoured to find an expedient Co unite the 
icvcral indepcodeol kingdoms of Greece into one bod^f and 
thus to put a Hop to thoie fatal confeqoeoces of intefiine 
divifioDy and an) difcurd, which rendered riiem a prey to 
each other, and an eafy conqued to the invader. He» there- 
fore, engaged the kings, or leaders, of twelve different cities^ 
Co unite together for their mutual fecurity and wtlfiM*e. Two 
deputies from each city aiTembled twice a year at Thermo- 
pylacy and formed the Amphidyonic Council. In this af- 
fembly the general intercflt of the ftatet were difcufled. Am« 
phfdlyon, in order to render thofe feveral connexions more 
durable, conneded them with religious charge, intruflingtbe 
care of the temple at Delphi, with the riches that accrued to 
this place from thofe who confulted the oracles, to the,care 
alfo of thefe deputies. This aiTcmbly was the firfl politlol 
dlabliflimcnt of a plurality of pmver, that we have any au- 
thentic account of in htftory ; and gave an energy of afiion 
to Greece, which enabled them to defend their liberty and in- 
dependence agaioft the great force of the Perfians. 

This was the firft deviation from abfolvite monarchy, re* 
corded in profane hifton-; from that time, various have beea 
the modes and forms of government in difK:rent nations ; 
though, if we except fome part ofthe Roman hi flory, Greece, 
and a few nations oflefs note, the monarchical form of go» 
vemrocot was the moH prevailing for the next two thoufand 
years. 

Athens is an inHance of the pernicious effeAs of divifion hi 
a (late ; and alfo difplays the benefits of unanimity. Thefeut, 
king ut Attira, about the year before ChriA 1234, perceiving 
the dnnf^cr to which his country was expofed by this twelve- 
fold ilivtfion, cndeawnired to form a conjun^ion of the flates; 
tor tUifi purpofe, he dttrahcd :he leaders ofthe different tribes 
as muih as pofubie tVom the people they governed ; he abo- 
lUb«d ibe different coiais ciiablifbed in different parts of 

Attica 
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Attica, and appointed one council ball, common to all the 
Athenians. He eftabliflied a common form of religion, with 
certain religious ceremonies to be performed at Athens, the 
more efftAualty to flrenghtcn civil allegiance: and by inviting 
ifirangers from all parts of the world, by the promife of pri- 
▼ileges and prote^ion,' he iraifed the city to the higheft {^tch 
of fame and popularity. The fplendour of Athens eclipfed 
that of all the other (btes of Greece. 

This monarchy foon gave place to an. overbearing influ- 
tnce. Thefeus had formed his kingdom into three dif* 
.tinAclafles: the noUes, the tirtifaos, and the hulbandmen. 
And to prevent the incitafihg power of the publes, he grant* 
cd many immunities and pfivileges^to the two other cIbSp$. 
This fyflem of politics, in a few years, gave the two bferior 
clafles an opportunity of acquiring confiderable property; 
and, confequently, they became confiderable members of the 
Hate ; and, by their riches and independence^ upon the death 
of Codrus, a prince of great merit, in.the year B. C. 10701 
they had power and influence enough to aboliih the regal 
power, under pretence of finding no one worthy of filling the . 
durone of Codrus, who had devoted himfe^f to death for the 
iafety of his people. Thus they proclaimed Jupiter king, 
declaring none elfe was fit. to govern Athens. This was 
the firft inilance of a republican form of government in 
Greece. 

From this period, fo various have been the modes and 
forms of government, that it is impoflible to diilingniili them 
All. Governments are generally divided into three diftin£t 
forms, each of which has i ts partifans, viz. the monarchical, 
ariftocratical, and democratical. 

The monarchical form of government is, where a nation is 
governed by a king, or monarch; and is divided into two 
parts, called abfoliue, and limited, monarchy. Abfolute mo- 
narchy is, uhere the fovercign is entirely unreftrained, hav- 
ing the legiilative as well as the executive power. A limit- 
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ed monarchj is, where the ibvereign is reftraioed bj certain 
laws, beyond which he cannot pafs. 

An ariflocracy is, where the legiflative and executive au- 
thority is veiled in the hands of a fcle^ number of perfont^ 
generally titied nobility ; and in whom the o£o« is moftly 
hereditary. 

A democracy is that government in which the legiflative 
and executive authority is veiled in a cenain number of in- 
dividuals, who hold their office by ele^on ; and geDcnWy 
cleAed by the majority of the nation at large. 

From the various modifications of thefe different forms of 
government, all the government^ of the earth are formed ; 
fome approaching nearer to one, and fome to another fonn* 
For there is hardly a government exiding, that is entirety 
either an abfolute monarchy, a perfe6l ariftocracy, or a coin* 
plete republic. 



SECT. V. 



OF RBLIOION. 



Relig ION is coeval with the origih of mankind : without 
St the prcfent order of the univerlc would he entirely over- 
turned ; and nK.nkind, from their natural depravity, be ren- 
deied worfe th:in the mod \oracious of the brute creation. 

The di(ling\iifhi<ig religions in antiquity were Judaifin, 
ancl Polytheifm, or Pagauifm. 

But in modern times the prevailing religions may be cB- 
vided into the four following, viz. the Jcwtlh, Chriftian^ 
M.ahomctJU)> and Pagan. 

Before 
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Before treating of the fbar foregoing fyftemty it amy 
be neceflary to premife the following general axbrn* viz. 
That all fyfiems of religion contribate more or left to 
the welfare of fociety. From hence we deduce the fol- 
lowing theorem ; that all religion mud have fomewhat in its 
origin of a diyine nature, however it niay be transform- 
ed, corrupted, or mifapplied, by the ignorance or artifice of 
its propagators. 

In confidering the Jewifh code of religion, it does not ap« 
pear as a complete fyflem of religion, adapted to all countries 
and ages, but feems particularly deligned by the all-wife 
Creator, for the people to whom it was fcnt ; for the age they 
Ihred io, being over-run by idolatry ; the circumftances in 
wluch they had lived in Egypt, and the means by which they 
were to form their new fettlement in the land of Canaan* 

From hence they were enjoined the obfervation of the fab- 
bath, in honour to that Being who created the heavens and 
theeanh, with all the hofl of heaven; which hoil, fun, 
-moon, flars, &c. were worihipped by the Egyptians as eier^ 
nal heingsm To prevent their communication with the neigh- 
tx>unng idolatrous nations, they were profcribtd the ufe of 
certain animsils for food, and permitted others \ that, by be- 
ing forbidden the ufe of thofe animals for food, fuch as the 
hog, &c. which the Gentile nations confidered as the great- 
eft luxury, a pcrpenial bar might be kept up between the 
Jews and Gentiles. And by being permitted to eat other 
animals, fuch ai goats, (hcep, oxen, &c, wnich were wor- 
ihipped in Egypt, and from which the Eg) ptians religiouily 
withheld all violence, the Jews would foon overcome any re- 
li^us prejudices they might have acquired from the Egyp- 
tian idolatry. — ^The reftituiion of property, in the year of 
Jubilee, which would anfwer no purpofc in another ftate, 
was defigned to preferve the order of rank, and that divifion 
of property, originally tftablifhed. 

In condefcenfion to their rude and grofs notions of Deity, 
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the Creator permitted them, in their wanderings through the 
Wiidernefs, to have a tabernacle, or portable temple, in whidi 
he fometimes deigned to difplay fome rays of his gloiy. 

From this general view of the Jewiih religion, it appears 
happily adapted to promote the wdfire of its followers. In 
comparing it with other religions, it is neccflaiy to refleA on 
the pKeculiar purpofes for which it was eftablifhed; which wers 
principally two ; firft, to preferve the Jews a feparate people ; 
and fecoodly, to guard them from the idolatry with which 
they were every where furrounded. The rdigbn of the Jews 
was not formed, nor defigned to be propagated through all 
the earth ; that would have been iocooGilent with the pur- 
pofes for which it was ioftituted : therefore we fee the Jewiih 
religion, though near four thoufand years old, wants that 
eflential attribute for propagation, to be found in all other 
religions, viz. a difference of fentiment, and, confequeotlyy 
a dhriiion, and fubdivifioo into different feds. 

The Chriilian religion is to be confidcred as an impcof?- 
ment of the Jewiih. The effe^ls of the Jewiih religion were 
indeed beneficial, but were coniined almoft to them alone; 
whereas the effeds of the Chriilian religion are extended to 
all mankind; reprefenting them with true philanthropy as 
chddrenof the fame God, and heirs of the fame falvatioik 
It lefds all diiUndioos of rich and poor, native and fo- 
reigner, as accidental and inlignificant diilinftions with that 
impartial Being, who rewards or puniHies according to the 
demerits of his creatures. 

The precepts of the Chriilian religion are more happity 
calculated to promote the happinefs df mankind, than tho6 
of any other religion. Iti whole defign is to infpire manlund 
with mild, benevolent, and peaceable difpofitioi^s. lu dit 
tinguiihing rule, by which it excels all other religions, is, i» 
d0 mut§ »iherSf ms we nu§uid thiyJh^M d9 unf ms ; and fuch 
It its purity, that it does not allow an impure thought. It re* 
quires its followers to abandon their vices, however dear ; and 
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to join the cautious wil'doin of the ferpent with the innocent 
fimplictty of the dove. And to prevent perfeverance in 
immoraiitjy it offers a pardon for the pad, provided the 
offender forfake his vicious pra6lices. The practice and be« 
lief of the Gofpel have a peculiar tendency to raile the mind 
of man above the trilling purfuits of time ; and to render its 
followers incorruptible by wealth, honour, or pieafures. It 
not only requires the Chriftian to abflain from injviring his 
neighbour, but even enjoins him to forgive any unmerited 
injuries which he himfelf fuffers, upon the principle of his 
being forgiven by his offiended Creator, It reprefcnts the 
Deity and his attributes in the faired light, fo as to rei^der 
our ideas of him confiftent with the correft principles of 
reafon and philofophy. The rites of this gofpel are few and 
iimple; eafy to perform, expreflive, and edifying. It in- 
culcates no duties, but what are founded on the principles of 
human nature, and on the relation in which man (lands to 
God, as his Creator, Redeemer, and San^ifier. The afliihnce 
of the Spirit of God is there promifed to thofe who labour 
to difcharge the duties which it enjoins. It teaches us that 
worldly afflictions are cafual accidents ; incident to both bad 
and good men : a ilo^rine highly encouraging to virtue^ cp/t' 
foUng in affli^ion, preventing defpair^ and encouraging in 
Mfficuhy. 

Such are the precepts and fpirit of the Chriftian religion. 
. And even thofe who have refufed to give credit to its hiftory, 
and follow its doctrines, have acknowledged the excellency of 
itf precepts. Bolingbroke, one of its mod zealous oppoferf, 
Ciys, that ** no religion ever yet appeared in the world, of 
which the natural tendency was fo much directed to promote 
the peace and happinefs of mankind, as the Chridian ; and 
that the Gofpel of Ch rift is one continued leflbn of the ftriCt- 
cft morality, of juftice, benevolence, and univerfal charity.*' 
Thus we can pronounce, with confidence, that the precepts 
of a religion, which is fo happily formed to promote all that 

is 
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B jodand beneficial to niankiiid« cannot but be in thelugheft 
degree di% ine. By reviewing the effcds which it has pio* 
duced, we ihafi be more confirmed in our aflcrtioo. 

Chriftianity has produced the nooft beneficial change in the 
drcuDDfianccs bf domeftic life. It hat greatly contributed to* 
wards the abolition of fiarery, and towards the outigatioo of 
the rigours of fenritude. We meet with no laws in Chriftiaa 
countries fe inhuman as tbofe praAi&d at Rome ; where maC* 
ters were allowed to remove their fick or infirm flaves to aa 
ifland in the Tiber, there tp perifli without any afBJhincc. 
The rigours of flaveiy are eafed and aboliflied ; ^oot by any 
^rttcular precept of the Gofpel, but by the gentle and hu- 
mane fpirit which breathes through the general tenour of the 
irbole fyftem. And though it may be obje^^ed, that a trule 
in flaves is at prefent carried on by people who prefume to 
call themfelves Chriftiaos, and iandioned by the legtflaturo 
Df fome Chriftian fiates ; yet it muft be remembered, that the 
fpirit of the Chrifiian code condemns the prafiice ; and the 
' true Chriftian will not engage in it* 

Chriftianity is alfo gradually Ibftening barbarous natiooa 
into hunumity. The tnfiuence of felfilhnefs has been checked 
and rcftrained. And even war, with all the pernicious imp 
provements, by which mspkind has fought to render it moce 
tcxrible, has aflumed much more the fpirit of mildnefs and 
peace, than ever entered into it under the influence of Pa« 
gaiiiim* 

Thde are a few of the excellencies of the Chriftian fyficoi. 
Its laft diftiiiAion I (hall mention, is that of its extending its 
benefits to thofe nations who have not received its dodrioei 
and precepts. The virtues aicribed to Julian the apoflat^ 
are, no doubt, owing to his acquaintance with Chriftianity | 
4ind after the propagation of Chriftianity through the Roman 
empire, even while the purity of its doArines was defpifed, 
it had a remarkable cffe& on the manners of thofe ooooii* 
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verted F^iganit who, in their reltgioiM doftrinet and woi^ 
flup^ became left tnunoral and abford. t 

Upoo the whole, we muft conclude^ diat ChriftiadiCj la 
lofiiiifely fuperior to every odier religious fyfiem, both in 
point of its religbus dodrines, and the efiefts it has produced 
upon fociety. It is an uoirerfal religion; formed to exert 
its happy influence in all ages, and among all nations; and 
has « tendency to difpel the (hades of barbarity and igno-> 
nmce; to promote the cultivation of the powers of the human 
vttderfianding ; and to encourage every virtuous refinement 
in manners. 

As the Chriftian rdigton is deftined to be of an univerfid 
nature* and to be diflenMnated hito ail parts of the world; 
. fo^ in order for its more effiedual propagation, its alKwife 
Founder has ordained that it (hail be divided into different 
lefts and parties; that the leaders of each being governed by 
m mutual emulation, might endeavour to propagate their re* 
jpeAive opinions, and thereby form a grand junAion for 
propagating a religion, the fundamentals of which would be 
ultimately the fame. 

The two principal fcfts into which the Chriftian religion 
is divided, are the Proteftant and Romidi churches. 

The Romi(h church differs from the Proteftant chiefly in 
the following particulars: i. In believing every thing that 
was defined by the Council of Trent, concerning original 
fin and juftification. 2. In believing tranfubftantiation, or the 
converflon of the material bread and wine, given ^t the fa- 
cnnnent^ into the real body and blood of Jefus Chrid, 3. In 
thebeliefof a purgatory ; and that fouls are kept prifoners 
there after their departure from the body ; and that they re- 
ceive help by the prayers of the faithful. 4. That the faints 
reign together with Chrift, and arc to be worfliippcd as me- 
diators for man. 5. That the images of Chrifl, the Virgin 
Mary, and other £unts, (hall be retained, and due honour 

and 



15a OF GEOGRAPHY. 



and veneratioo he given unto them. & That the power' of 
indulgences vvas left by Chrift to the church. 7. That iha 
holy church of Rome is the mother and miftreft of' all 
churches ; and that the biChop of Rome, or pope» it the Sao* 
ceflbr of St. Peter, the prince of the apofiJet, and vicar of 
Jefus Chriil on earth; and that he it infallible aad !■• 
▼incibk. *■ 

Thefe are the chief tenets which diflinguifb cbednvdrsf 
Rome from the Proteilant church. The implicit ob edl c n e e 
which the followers of this church pay to their leaderty hat 
been a fource of a very black corruption and error ; of wMch 
their numerous perfecutions. of the Protellants are an amph 
proof. But^ on the other hnnd, it muft be allowed, fhut 
there is no religion fo zea!(»us of propagating Hi doAriact. 
Their milfiooaries have been fcnt to all parti of the dBth» 
fome of whom, by their petfcvcrance and abftemioiifiwA, 
were as great an honour, as others by their profligacy Wttem 
dii'grace, to the caufe in which they were concerned* 

The church of Rome is now divided into two feAs. Thll 
already defcrtbed, which pmalls over moft parts of Wfyf 
Spain, and France, and feveral other parts of the coatH 
ncnt of Europe ; and the Greek church, which diifert froAi 
the former in not allowing the popc*s fupremacy, not wop* 
(hipping idols, though they have many in their churcho^ 
and iu not enjoining their piielis to celibacy. 

The Prutefiant religion is divided into numerous fedt and 
parties. Tlie two principal of which are tlie Luthcraiit and 
the Calvinii^s. 

The Luthtrans maintain, that man it a free agrnt, per^ 
ftv^ly cap;iblc if perfoiming good or evil : that according 10 
hii a^lioni he Hiall be rewarded tr puriilhcd herealtcr: thai 
he it IcU at peffcAhboity to cruKfe the go>d or evil: afid 
tlia; GikI has no piedilcr^tion for any particular pcribnt* 
'J' li«a the facranitnt uf the Lord's fuppcr is uothing but a meie 
uidinaucc* 

The 
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The Odrifiifis, on the contrary, aflert, that maa biM a 
iiee afenty that he has np power to perfismn aojr good attoo 
vkhoot the Spirit of God affifdog him : that Oodf aooocd* 
k^ to hb fbre-knowledge, has ek^ed a cettaio amiber of 
IndKvidoals to be faved : that he is the former of everjr food 
thought ; aod iaves the elef^, not from any goodncfi in 
themiclveSf but merely from bis ovrn imm^riiied mercy $ 
taifeqnefeitlyi that Chrift did not die for all the world : dutt 
tfie iaerament is a fpiritoal rite ; that the bread and wine is 
ainfiibftanttated (not tranfubftantiated) in a fpiritual manner 
into the body and blood of Chrtlt. 

Befides thefe two diTtfioos of the Proeeftant rdigioo, one 
or both of which prevail in moft Pkt>tefiant coontries, on the 
continent of fiurope, there are a great number of inferior 
tc€t$ in Eo^aodi America, Holland, Germany, aod other 
parts, and fome of them rery numerous ; as the Qgakcrs^ 
Baptifts, J)ifleoter8, Methodifts, &c, -which are too well 
known to need any <leicriptioo. Suflka it to iay, eadi of 
them diSeit from the eihibli(hed dnirch, on account of fame 
triflbg errors, wluch they imagine to haye detcAed in the 
■ttiooal church. 

The next divifion of rdigioo that deierves our notice m 
that of Mahomet, which ftill makes fuch a conffncuous figure 
in the worlds extends over a large tra^ of country, and la 
profefled by very powerful nations* Like the Jewifh rdignrnt 
k is not merely a fyftem of religious dodrines, and moral 
precepts ; but it f ;rms both the dvil legiflature, and religious 
^^fiems of the nations by which it is profefled. It alfo ap* 
peart to be rather calculated for one particular period, b the 
progreb of mankind from barbarity to refinement, than for 
all ages, and all parts of the world. 

In viewing this fyilem of religion, there are many parti of 
it which iecm copied from the Chriftian, the Jewifli, and the 
T^igan religions. It is difficult to tdl which is the greater^ 
the purity of feme partacffhis doQrine» or theahfoidfoy of 
other parts. 

Vol. Ik . ^^ X The 
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' Tfie{ptSrteftabfiirdttkS|Orth^^ 

to pitMDolelmpuritjr of mannen, are thf Pvqphet't ideas of 
heann and belL Fnwiife|Orthe placeof fiitiirecnfardaibt 
oodoef to ibomrf frith mei^ fndt^andibaifyfopvcai 

wine^ wldkn^ iti totoxkatiog qualityt ik to he tbm SarnA 
6ut (p bAsvert, who, at they eojojr perpetual yoothi fUm 
powen qf enjoyment are to be enlaifp^ ^ nvAfpnl mK 
accordipf to the ddighti they are to eayqy. Mahnnwl 
celebrates' the pearls and cBainoodi, robes of filkt pabosn 
of maxbley dtflies of gold, numerous attendant^ wioesi m4 
dainties, with the whole train of fisnfual luauuy* sdonrod fd|| 
the fiuthful in thefe n^ions. Sevcnqr<«iQ|M«direysddlfli» 
fels of fdpleodent beauty, blooming youth, ingm, pwcilm 
and esquifite iepfibility, will be crei^ for die nfeof At. 
meaneft beUeTer. A moment of pkafuce will be pi ulonpsA 
to oqe thouftnd yean ; and the Acuities wiU be iocraalU'^ 
hundred ibid, t^ render him worthy of his fclicityt 
are alio certain qopre refined enjoyments; at,helieven 
iee the bee of God mombg and evcoing*-a pkafuie wUslk 
is to exceed a|l th^ other pleafures of Paradiie. 

In hell, the place of future puniflunents, the wicked aimt» 
drink nothing but boiling, iliokiog water; caC nothing but 
brien. and thomt, and the iruit of a tree that grows in tbo 
bottpm of hell, whoie bnuiches reiJemUe the heads of dsMbg 
and iriioie fruit ihall be in their bellies like btttntng pitch s 
tliey are,to breathe nothing but hot windi, and dwell iiur ever 
in continual burning, fire, and finoke. 
• Thus Idshometiim appears to be a ftrange mixtuiu qC 
abfurditiet, fifith a few truths and valuable pciecepts h i Mi i 
grubufly intermiied. A great part of it is moompattfafe with 
viitue, and the progreis of knowledge and refinement* If 
fttbftiiutes trifliog fupcrilttkms ceremonies in the raoaa of 
genabe piety and virtue s and peefeots foch a* profpcA of 
futurity, as renders pqriqr of heart no ncpsCary quaiificaiian 
fcflWpgGpd; 
IbWeicr, Mahomeitiiin fims in fbme meafure & n^nlar* 
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fyftcm of religiOD, as it hat b orio w d many of Ht pmqics 
and dodrinct Aom bodi JiididfiiiaiidChriffiaidtf,'irUditan9 
hawtftTp greatly degraded and- corrapled* It baa^ wt90f 
Ibelcfi^ ooofidembly oratributed towardt die faigpoit of «fiV 
fovemmeikt io thofe oouotriet in wUdi k is eftabfiiied. 

Iris diTided into a numerous farty of fefis^ winch, has^ 
evcTt difier fo little from each other, «s fiaroel^ to defivnt 
mentioQ in this pliKe. 

BaganifBi next defimres our notice. It was the Qioft pio- 
trailing leligion of antiquity, and may be prindpaUydiiided 
into two parts:— >x. The Pagan religion of the vidcnit bai- 
barous nations ; and, z. The PofythcUm of the mort dvi- 
liKed Gredn and Romans* 

The Pag^iim of the antient nations yfefenti vs with n 
jboft Ihocking pidure of ^gooraoce^ fuperftitioiip and ab» 
furdity. We there behold the moft abfurd doMoea con* 
oeming a fiitnre ftate. Various nations have imf^nrdj 
that the icenes and objeds of the world of iptrits are onlya 
Ihadowy nqirefentatioo of the thingi of the prsfimt woiid. 
Aocofding to them, not only die fimls of men inhabii thofe 
icgkms, but all the inferior animals and vegetables, and 
even inaninnte boAcs that are lulled or deftroyed here, ase 
fnppofcd to pafs into that vifionary world, and exiffing there 
in unfubfiantial forms, excaite the iame funftions, or iimre 
die iame purpofes, as on earth. By this belief they were 
Simulated, on the death of a king or other great perfonage, 
to provide for his accommodation in the world of ipirits, by 
bur3rii|g with bis corple, meat and drink for his fobfiftanoe. 
Haves for his attendance, and wives for his enjoyment. iSs 
£uthful fubjcds vied with each other in their ofleringi upon 
this occafion ; one brought a iiarvant^ another a wtft^ a thiid 
a fon or daughter, to accompany their monarch in his Ibture 
flate. Similar praaiccs^ on the fame occafion, pccvaikd in 
New Spain, m d^eiflandof Jav% in the kingdom of Beoeo, 
and among die inhabitants of Ifindoftan. A like belief aUb 
prevwkd among the Japaoeie. They not only bribed their 
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priefit to Ibltcit for tbem a place in the Itlififul mtnfioiii 
ef futurity ; but looking upoQ the preGmt life with difgiiil 
tiid coniciii|iC> when iet in competition wirh the joji oJF 
fiitarity, thejr oicd to xhih theoifelvet from precipicct, or 
cut their ihrotta, in order to get to P^undife as loon ai poT* 
fible. Varioni other fuperftitiont fubfiiling among rado 
natioQi, night here be adduced^ u ioftancet of the perver- 
Son of tbe rdigbot principlet of the human heart, wluih 
render them mjuriont to virtue and happlneli. Innumerable 
are the ways of torture which have been i nv e nt ed and prac» 
tifed 00 tbemfelves by men ignorantly ftriving to obtain the 
fifoor of Heaven. Thefe are fufficient proofii of religioui 
fentimentt having been fo ill direAed by the influence of 
imagpnationt and oneolightened erring nature* aided bj the 
conrupt defigns of artful priefit. 

The Polftbeifm of the Greeks and Romant, though nutn 
favourable to virtue and civilizatbn, than the hgan notiona 
of antiquity» if yeta very imperfe^^, not to &y a pemickNHt 
code of relipon : the vicious chaniders of their deities* the 
abfnrd oodons they entertained concerning the govcnunent 
of die untvcrfe» and a future retribution* the abfurdities of 
their religious rites and ceremonies, tbe frivolous prnSieca 
with wUcb tbqr were intemuxed, muft altogether have it 
great t e ndency to pervert both the reafoobg and moral 
principles of tbe human mind : however* it cannot be de* 
sued* that this fyflem was friendly to the encouragement of 
arts ; particularly to fuch as depend 00 the vigorous exertioo 
. of a floe imagination* as mufic* poetry* fculpture* arcU* 
tcftnre* and painting x all thefe arts appear to have been coo« 
fidersbly indebted for that pcrfeAion to which they attained, 
to the fplendid and fanciful lyilem of mythology which was 
received by thefe peopk, particulariy by tbe Greeks. 

The tfMt of this religion* to reform the lives of its voU- 
net* was vety imperfcA. Sacrifiofs and prsyen* temples 
and feftivab* not purity of heart and integrity of life* weie 
liie meiins prtferibed for obtaining the fevonr of their deiiiee» 
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nere were aJfi) other means of gaining admtffion Into the 
Efyfiinfiekb, or the feat of the conodli of theG^; but 
none of thefe means ajipear to have been thofe coaimanded 
bj the Chriftian religion. And whatever might be the 
effcAs of the religion of Greece and Rome in general, upoa 
the civil and political eftablifhmenti, and on the manners 
of the people, yet it muft be conlSAed to have been but ill 
adapted to iroprefs the heart with fuch principles as might 
in all circumfiaoces direft to a firm, unifoim tenour of 
righteoos condud. 

From this view of religion, it appears, that though feme 
particular fbtms, fuch as thofe of the Chriftian, have had a 
greater in^uence in reforming the manners of their followers ; 
yet as they all have often contributed to form the mind to 
virtue, it muft be acknowledged, that they have always 
and under all their forms, been infinitely ooore beneficial tlun 
hurtful to mankind* 

When we view the difierent fyftems b a comparative light, 
with refpeft to their kifi^eoce on the welfiire of focii ty, 
no one wiU hefitate to prder the Polytheifm of the Greeks 
and Ronums to the ruder ideas of the more ancient Fsgans ; 
and Mahometifm to the Polytheifm of the Greeks and Ra- 
mans: Judaifm is, howevcf, greatly preferable to Maho* 
pttifm ; and Chriftianity to all of them* 
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Eu«:<»rt, tbMgh the letft quifter of die wdrfd, m ty Ai^ 
ihe «»• emtiieiit ki modem iiHldiy ; >ik1 » it prefeol tlir 
inoi 4lftiDgiiiftcd pert of the globe for the Rtcnntre^ uu^ 
tod fekacei, to which k hai ghren birth ind efa<Onrt|^' 
nd M the leorned meo h hu produced, k b alb the «^ 
cfvilted qoHter of the globe. Here tre bo ptoLBe MM 
Smr Imfmg «d felling the himao i^weicii as are fand In 
Afii aMi Africa. The C^riftiaB tdl^ aKb |»Bv«b 1m 
alBMft mUnjMlj. Iti hm g oa gu ait as diixed as ka fak»^ 
bitaotSp but ill dorWed from the tx IbllowiD^: vis, fti( 
Oehie,- SchnmcA, TeMiihb ;'<6ffcd^ .Latiat aod Giolij^ 
It eBicods about 30OO fnlles io leogthi BDd*a50oiB T^nailAi 
and is difided iotc^ fefend kiogdoms aod flaics^ as feea vfl; 
the Tabit, pafe 133. 

The BBiTttB IsLif , lytog 00 the welleni part of E 
confift of Great Britain (which cooyiifes Engkad, Walas^ 
and Scothuid), Ireland, and the Ifles of Ifaa, jcrfej, GiMm» 
fej, Aldemcy, Sark, and Wight. England licsbet«oeB.|B 
and 56 degrees north latitude, and bccweeo a 
and 6 d^ces ao minutes weft longitude; and is <Bvidad 
fony counties. Io copiitution b that of a limited a paai chy^ 
coofiAiog of king, hBdsy and comoioiiSt .vdi ceftttn pnro* 
gatiTcs and privileges annexed to eadu 

The ^giflative authorhjr, or pomr of dfeking lawa 
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raifing^niQiMgFy is.vcflei ilk dhcfe ttite bribchct of llie go« 
^^^OHMMut; W^adi^bcaochliasaocgatiTevQMXu 
, TIm QcomtBL VL loaik beitditiry in the Hanorecliae» faf 
(nnil ads of P^aaaeatt, prwdded tbey do not prf>fcb 
Fopecy, roanyPajMfisy or fubvert the conftitntioii* 
The pecn are oseated by tiie.oDwii^ but their hooowt 

9R^ hevcdiuuy^ acid caoQot be takeo fnmi thiem asjr B^ 
their livet or efiauti uiile& hfUtoi bythecoausifiefiiof 
lri(h treafim; and tbqFcaii oo^be tried by the Houfetf 
SecHi beii^ fi|bje6k tD no other jurifdiftiaii. This Hodk 
i9l the laft rdoit ifi all civil cafes, and te higheft coma la 
the kiogdouu 

JUiy bill .for maUog^ a pew law, or altering an old law, 
ma]!t be brought in firfi in theBoofeof Peers; bat a bill 
flodaiiog tbe.4ie i«veane«» or public tun^ maft be bnw^ 
ififU^ibcHfiak ofGumnoo$ §KSti and it cannot be tfi(s#rM/bf 
th^Peerst thoa||h kaHf be ntjeded. 

The Honie of Peers can apprehend and commit any oaaa 
for a«xe9e^ion.oa dicir judicature. 

The CommoQi are oooDpofed of 658 members : idz. 80 
knights, every county in Bogland fending two, and eleded 
faf the fftebolders ; 50 citizens, two being fent firom each 
of the «5 cities in £pglaod (London fending four, and Ely 
000c) i 334 burgefles, from 167 boroughs, fending two 
each; five burgefles, from the boroughs of Abingdon^ 
Banbury, Bewdky, Hi^m Ferrara, and Monmouth ; four 
rqircfenutivcs, from the two univerfities; 16 barons, from 
the £ve Cinque Ports, Ha(Hogs, Dover, Sandwich, Romney, 
and Hythci and their three dependants. Rye, Wincbelfea, 
nod Scaford; la knights, from the. la counties of VVales^ 
la burgeifef, from the la boroughs in Wales (Pembroke 
lending two, and Merioneth none) ; 30 knights, from the 
fiiires of Scotland ; i $ burgelfes, from the Scotch boroughs ; 
and iQO memben from Ireland. 

Wax.bs is fituated on the weft and north-wefi of Eogland». 
tfltwbkh it joins; and is divided into la counties: it is a 
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prindpaKty ; and a1wa3rf confidered as the right of Ar 
King^s elded fon, who li therefore titled Prince of Waki. 
It waa peopled in the year 4TO1 by the ancient mhabitanti 
ol: En^andy who fled thither fnmi the perfecutiMi of th* 
Fi^ft and 6coN. 

iKfiLAWD n fitaated between fix and ten d^reet of weft 
longicade, and between 5; i and $; degrees of north latitude. 
Bounded on the eaft by St. George's Channel, or the Irift 
Sea^ which divides it from Great Britain. It is divided petal* 
ciptlty into four provinces: viz. Ulftcr, on the noclki 
Leinfter, on the eaft; Munfter^ on the ibnth; and Oon- 
naughty on the weft. 

The clinuite of thefe iflands is in genenl mild for die 
latitude, but very changeable, the weather never cootimriii^ 
a month the fame, owing to the exhtUttions from the ht^ 
rounding (ea, which render the air humid. But the Ui 
is in general fruitful, and has been of kte years gready 
iar>proved. 

Thefe iflands have feveral very good mines of tin, copper^ 
iftm, and lead ; gold has alio been found in Scotland, in Iblid 
pieces, in the brot»ks, after a great torrent. 

The chief manufii^re of Enghuid is woollen cloth, which 
is accounted the ftaple trade of the kingdom ; u linen cloth 
b that of Ireland. 

DawMAaKj including Norway, is the nnoft northern kiaf* 
drni of Europe, and includes Denmark Pkoper, the territorict 
in Gennany, Norway, part of Lapland, and feveral iflaadi 
in the Baltic Sea, and in the German Ocean ; and exteids 
from 5a degrees of north latitude, to the fartheft habilBUt 
part of the ArAic Circle. Denmark Proper is bounded oa 
ihe north by the Cattegate or Scbaggerac ; on the foolh bj 
Germany s on the weft by the German Ocean 1 and 00 tht 
eaft by the Sound. 

The eftabliflied religion is Lutherifm. The king is ablh* 
luce, though in general mild in iib government* It is dk 
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into tiroiNutf» oiled North Jttcltrki, and ^th jut- 
land^ 

Theair of this countiy b Aarp, bm ttie exhaladoni from 
the fea abate iti fererity. The fnmmen ai* vcrf ihorf , and 
boC, but the foil is io general fruitful, f^a northern latitude, 
eicept on the tope of mountains. The tnanufa^ures of this 
couAtiy IK chiefly hardware ; and their autiftt ^nd rnechafltcs^ 
in every branch, are generally flcilful. 

Noil WAT is bounded on the fouth by the Cattegace, on 
the weft and north by the Northern Qoean, and on the eaft 
by the mountains whidi feparate it from Sweden ; and i& 
difidcd into the nortli, fouth, and middle dtvifions. The 
air of Norway is generally healthy and dry in the iolanj 
parts of the country, but on the fea-coaft It is moid. In 
winter It it excetfrely cold, the whole country being covered 
with fnoiv ; it is alfp veiy hot in the fun^nier. Their trade 
CpaGfb of copper, timber, iron, marble^ jniil-ftones^ fiib, 
fowls, tallow, tar^ oil, alum, viqiol, ftc* Tl^cir ^nf^aj^e 
is the fame as that ufed in Denmailc; ^nd their religibn is 
that fif Luth^fm.. 

IcELANO is fituated in the Northern or Atlantic Ocean; 
being 716 aniles in length from eaft to weft, and 300 in 
breadth : extending fix>m fixty-three to fixty-eight decrees 
of north latitude; and from fourteen to twenty-nine degree 
of weft longitude. It has a milder clii7)a(e ^han any other 
country in the fame latitude. It is a very mountainous 
country, but well watered, with fe\xral hrge rivers. In this 
country there are fome large fprings of boiling hot wnter^ 
the prindpal of which is Geyfer, near Skalholt. Tbr ^<it^r 
lilies from this fpring fevera) |imes a day^ with a violent 
Boife, like that of a great torrent, fofnetimes rifing to the 
height pf 60 fathoms, aqd fefdom Icfs than 90 feet. 

There are alfo feyeral burning mountains in this cout;try, 
of which the moft remarkable are, Hccla, KotlegaU| atid 
Oraife, the eruptions of which have fbmetimes done confi- 
dcrable damage. The inhabitants live chiefly by fifliing, and 
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breedin-; calilf, atiending very little to agriculture. Their 
commerce is nionopolized by i Dunifti company of mcrrhanu, 
and confifli chiefly of (alt-meat, butier, iillow, oil, in>ot| 
ftins, furs, and feathers. The rpenuc arifing from thii 
country to ihe Ltug of Denmarlt amounu lo 30,000 ootru 
ftr annum. 

GsEEM LAN D is the mod northern boundary of [be king of 
Dcantark'i dominions ; and it the farthcft part of the globe 
northward n hie h hat been difcorered. Eaft Grccntaodex* 
tends beyond ;6 degrees of north latitude ; and bctircen to 
and 1 1 degrees of eafi longitude. There are at iahibitanis 
berc, except 3 few convicts tranfported fiom Ruffia, and wbo 
gain their liberty by procuring (kins, furs, tuHu of motfe^ 
&c. for the fovereign of RuHia. 

Wefl Greenland extendi beyond 60 degrcet of north tail* 
,eft longitude. 
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tude i and between 5 and ;o dcgreei of 
There are a few naiivci who inhabit thii coi 
of whom have lately been convened to Chrifli 
Danifh and Moravian mKConarici. 

SwaDEN extendi from ;j degrees 10 minutes to 60 
30 minutci north latitude; asd from the nth to ihe _:;oth 
degree of cafl longitude. It is bounded on the fuuth by 
the Baltic, the Sound, and the Cattegate Sea ; on the nonh 
by Danilh X.aplancl i by Ruffia on the raft : and by 
..inauiita)iit of Norway on the ivcft ; and principally div 
into feven provinces: viz — i. $<«eden, properly foca 
lying between Norway and the Gulf of Bothnia ; a. Cotbnia,' 
orGoihlaodj 3. Livonia, on the fouth of Finland Gulfi 
4. Ingria, nn the north-cad of Livonia i %. Finland, on tbt 
caA lidc of the Gulf of Bothnia; 6. Sw-difh Upland, ifl 
Ihe noithern pant; 7. The iCa.'.dt of Gothland, CEland, 
Aland, Hoghnd, and Rugcn. 

Halt. The ptfivinces of Livonia and Ingria, with Kcx- 
bolm and Karelia in FiaUnd, and the iOandt of I>agbo aod 
Oli:), arc under Uic govcromcot of RulSa. 
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The oatoral foil of tbii coimtry is id general bintB| but 
has been greatJj iinpreved of late ycMrs, bj the indaflhy of 
the bhabftantSi cffifted by the affluent part of the nation, fo 
that tfaejr have now fniitfiil harrefts. Their mamila^ures 
are diiefly in filver, copper, and iron ; and vaft quantities of 
thefe metals, with timber^ tar, hemp, flax, ludes, fiirs, filbf 
&c. conftitute the chief articler of their trade. 

' Their Veligion is the fame as that of Denmark and Nonraf, 
The language is alfo partly the fame, being only a dialed of 
the Teutonic bnguage. The government of this country is 
a limited monarchy. 

Russia, the largeft empire upon the ^obe, and greater 
than all the reft of Europe befides, extends in length Axmd the 
Baltic Sea on the weft, to within a few miles of America on 
the eaft, upwards of 6000 miles ; and above ^400 miles ia 
breadth from north to fouth. It is bounded on the weft hf 
Sweden and the Baltic ; on the eafi by China, and the Pacific 
Ocean, which fcparates Afia from America ; 00 the north 
by the Frozen Ocean ; and on the fouth by Pruffia, Poland^ 
Turkey, Pcrfia, and Tartary. Its roeafured length from 
the ifle of Dagho to its eaftern bounds is near 170 degrees. 
Thus' it contains fevcral different climates. In the ibutherti 
parti, the longefl day is fcarcely iixteen hours, while in the 
northern parts it is nearly three months. In the fouthem, 
provinces it is very hot ; and extremely cold in the northern 
parts. The foil beyond the 6oth degree of north latitude 
fcarcely ever produces com to any perfection ; and beyond 
the 70th degree fcarcely any fpecies of fruit is found ; but in 
the middle piovinces the foil is fruitful, and produces good 
pafture for cattle, and excellent grain. The fouthern pro- 
vinces being hot, have all the fertility of a warm countiy, 
where there is a fufficient depth of foil. Thens is a great 
variety of inhabitants in this extenfive country: viz.— 
the Tartan, Kamfchatdales, Samoeides^ Laplanders, &€• 
T^re b confidtrahle variety in the manners of 4^ oathct 
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of thefe diffcrcQt couotries. In fome of the noitbeni f^fU 
they live k cavemi, noc five feet to bdght ; io ocber pent 
they lead a wgndering life : the natirei of fome parts prac* 
life agricitkure ; but in others live oa the fp o ntaneous pro- 
du6tioos of the foil* 

The religion of fome parts is next to Pagantfm, the natives 
idolizing inaniipate obje^s, as a ibeep^s Ikin j but io (broe 
parts they make no public profeffion of religion* The efta- 
bliflicd religion of Ruflia is the Greek Church. 

The European part of Ruifia, called Mufcovyy is divided 
into the following provinces : viz. — 

In the northern divifion : Lapland, Samoicdat Bella- 
mornfckoyy Mcfeen, Dwiua, Syrianes, Pennia, RubeninA% 
Belacfdda..— In the middle diviCoo: Pereflaf, Belozera^ 
Wologda, Jereilaf, Tweer, Moicow, Belgorod. — In the 
eallem divifion : Bulgar, Kanfan^ Lit, Novgorod, Do» 
CofiTacks. — ^Jn the wefiem divifion : Great Novgorod, Rus, 
Finland, Kexholm, Karelia, Ingria.«— In the fouthern divi- 
fion : Livonia, Smoleniko, Zernigof, Seeflk, Ukrain* Their 
articles of commerce and nianufadure are the fame as thofe 
of Sweden and Denmark ; they have, moreover, filk, cottooy 
teas, gold, &c. which they bring from China and India^ m 
caravans, by way of the Cafpian Sea. 

The language is derival from the Sclavonian, touhtch 
nre added many words from the Greek ; their alphabet ecu- 
files of forty* two chara^lers, Vfhith are principally (ireek. 
The people of high rank generally fpeak French and High 
Dutch, but their priefts fpeak the modern Greek. 

Poland, before its late difmemberment, was bounded on 
<he north by Livonia, ^]ufcovy, and the Bahic Sea; on th» 
cad, by Mudoovy ; on the fouth, by Hungary, Turkey, and 
Little Tartaiy ; and on the wed, by Germany ; extendiof 
from 47 degrees 40 minutes, to f6 degrees 30 minuteSt 
north latitude ; and from 16 to 34 degrees eaft longitude. 
Is WIS divided into the provinces of Gseat and Little Poland 
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Polifli Pruffia, Samogitia, Courland, Lithuania^ Mafovia, 
Podolachiat Polefia, Red Ruflia, Fodolia, and Volhinia. The 
foil of Poland is in general very fruitful, and the air rooftly 
temperatey except in the northern parts, where it is very 
cold. Their pafiure land is fo fruitful, that the height of the 
grafs often conceals the cattle from the view of a paflenger 
at t\^o hundred yards diibuicc. Great numbers of beails, as 
borfcs, aifes, oxen, buffiiloes, bears, foxes, wolves, ^c run 
TV ild in the forefb. There are feveral mines in the countj^^^ 
of gold, diver, copper, lead, iron, &c. 

The greated curiofities in this country are the fait mines« 
•f which that of Wielitlka is the largeft in the world, an4 
has been wrought above 600 years. It is 743 feet below tb« 
furfaceof the ground, and 11 15 feet in breadth, and 669 k 
in length ; and appears like 9 fpacious plain, with vaulted 
^oofs, fupporred by columns of fait, which have been left 
(landing. Many public lights are placed in this mine, fo^ 
gsoend ufe, which rcAc€t a moil luminous appearance from 
cyeiy part of the mine. Here are alfo great numbers of huts 
for the accommodation of the minen, and their families, 
many of whom are born and fpeud their lives in this ptace^ 
without ever making their appearance on the furface of the 
earth. Through the midd of the mine is the great load, 
which pafles to the mouth of the mine : this road is generally 
crowded with carriages full of fait. A flream of frefli water 
alio runs through the mine. 

The wild men who have been feen of late years in thq 
woods of Poland form another curiolity. 

The Poles at prel*ent feem almoft annihilated, and their 
country divided among the Au Brians, Pniffians, and Ruf- 
fians. 

PiussjA is bounded on the north by Samogitia ; on the 
fouth by Poland Proper and Mafovia ; on the eaft by part 
of Lithuania ; and on the wtd by Polidi Pruffia and the 
Baltic : but if we take it in its fiill extent, this kingdom 
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confifts of various territories, differeot parts of Gemuuijrf 
Poland, Swfflcrland, and other northern countriett 

The princijpal diTifions of thii kingdom are, Regal PniiBa^ 
fituated in Poland ; and Upper Saxony, cootaining BraodeiKi 
burg, Pruffian Pomerania, and Swedifh Pomeraiiia, Magde- 
burg, and Halberiladt in Lower Saxony ; Glatz in Bohemia | 
Minden, Ravenihurg, Lingen, Clevei, Meuret, and Mark« lA 
the dutchy of Weftphalia ; Eaft Friefland, Lippe, GulidCp 
and Tacklenhurg, in the circle of Weftpbalia ; the mat- 
graviate of Anfpach, in the circle of Franconia ; Geldcr m 
the Netherlands ; Neufchatel in Swiflerland ; and put of 
Silefia. 

Pruffia carries on a confiderable trade, and the balaoct 
in favour of Pi ufSa is reckoned greater than that of any ocher 
European (late ; great qnantities of glais, iron works, dock, 
camlef, filk, linen, paper^ powder, copper, and braftp am 
annually exported. 

Amber is here found in great quantities, lEirom which tlia 
crown of Pmffia receives a6,ooo dollars annuaUy ; alfb greflt 
fums from the bitumen, of which feveral kinds arc fbufld 
in the Baltic Sea. 

The religions of Pruffia are thofe of the Lutherans and 
Calvinifls ; but all religions are tolerated. His Pfu^iai;. Ma- 
jefty is abfolute through all his dominions. The Pruffian 
anpy» ^en in times of peace, conQfls of 180,000 men, 
which are reckoned the beft difciplined troops in the world ; 
but in time of war it has been augmented to between 3 and 
400,000 men. 

GfiXMAN Y is bounded on the north by the German OceaUi 
Denmark, and the Baltic ; on the eaft, by Poland, Hungary, 
and Bohemia ; on the fouth, by SwiiTeriand and the Alps ; 
and on the weft, by France and the Low Countries. It cx« 
tends from 45 degrees 4 minutes, to $4 degrees 40 minutes, 
Bonh latitude ; and from 6 degrees to 19 degrees 45 minutes 
etft longitude. Germany is a great empire, having feverd 
d^peodtnt fovereignties under it, under different modifications 
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of govemmoity foroe of whom fcircely exceed an £qgK(h 
manor in extent. It is dirided into nine circles^ three rf 
which lie in the north, three in the middle*, and three in th^ 
fouth: viz, — Upper Saxony, Lower Saxony, Wcftphaliai 
VpP^ Rhine, Lower l^hine, Franconia; Auftri^, Bavaria, 
•od Suabia* Thefe circles are fubdivided into principalities, 
dutchies, cbtrqniiates, eledorates, palatinates, counties, ba* 
rooies, abbies, biihoprics, &c« 

The climate of Germany is in general healthy and agree* 
abk, except in the mod northern and fonthern parts. And 
the foil is particularly fruitful ; for tboug;h only a fmalt 
proportion of the country is cultivated, yet provifionf sac 
in general cheaper than in moil other countries of Europe. 
They have alfo a greater quantity of domeftic animals and 
wild beaflSf as boars, hares, rabbits^ foxes, badgers, goat% 
fee, &c. than other European countries. They alfo abound 
in mod of the (pedes of tame fowl, as well as wild fowl. 
. There are feveral mines in Germany of fil ver, copper, iron* 
lead, quickfilver, fulphur, nitre, &c. and coal piu are found 
id every part of the empire. 

Germany is alfo in great cfleem in all other European 
countries for its mineral fprings and baths, the moil remark- 
able of which are thofe of Aix-la-Chapelle, Spa, Pyrmont* 
Embs, Wiibadei^ Schwalbach, Wildungen, and Brakel, which 
lafl is enclofed, as the waters are fo ilrong as to be capable 
of intoxication. 

The manufa^ures of Germany confiH of velvets, filks, 
cotton and woollen fluffs « linen, fuftian, riband^ lace, ta«> 
pefiry, &c. They alfo make beautiful porcelain, and lac- 
quered ware, and every kind of hard ware. 

The Germans have a confiderable commerce, owing to 
their centrical fituation, and the balance of trade is greatly 
in their favour. The edabliihed religion is either Romiib, 
liUtheran, or Calvinill, being different in the different part» 
of the einpire; but moft other religions are tolerated at 
preientt 
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The German language is a dialect of the TeutooiCy and 
is called the High Dutch, being the mother tongue of the 
whole empire ; but every different province has a diflTerent 
dialed. 

The government of Germanj is in the hands of abouf 
300 civM and ecclcfiaftical princes, each of whom is abfi>hite 
in the government of his own date ; and the whole of theni 
form a great confederacy, governed by political laws, at tht 
head of which is the Emperor, whofe power in the collcAivc 
body is only executive. The Emperor is eleded ; but tht 
empire for fome cepturies has belonged to the Houfe of 
Auftria, as being the moft powerful of the German princes; 
The nine eledors of the empire liave each a partictihr ottce 
in the Imperial court : they have the fo)e ele6Hon of the 
emperor; and are as follow : — x. The Archbilhop of Mentz: 
who is high chancellor of the empire, when in Germany. — 
2. The Archbifliop of Treves, who is high chancellor of 
France and Arelat (a dignity merely nominal}.— 3. The 
Archbilhop of Cologne. — 4. The King of Bohemia, who is 
cup-bearer. »- $• The Ele^or of Bavaria, who is gnad 
fewer. — 6. The Eledor of Saxony, who is great roarihal 
of the empire. — 7. The EleAor of Brandenburg (nam 
King of Pruffia), who is great chamberlain. — 8. The EleAor 
Falatiue. — 9. The ElcAor of Hanover (Kin|| pf Gref 
Britain), who claims the poft of arch-treafurcr. 

The revenue of the Emperor, as fuch, is about 5 or 6oeo 
pounds Acrling, per annum, arifing from the fiefs in the 
Black Foreft. The Auftrian revenues are 'unmenfe| amofinl« 
ing to 12,000,000 pounds (lerling. 

The military force of this country amounts to near half a 
million of men ; the fecular princes bringing upwards of 
379,000, the ecclefiaftical 7450, and the Emperor, u tht 
bead of the Houfe of Aufiria, 90,000. 

Hungary, Bohemia, and the provinces of Tranfylvanla^ 
Sclavonia, Croatia, aod Morlachia, may be confidercd as piut 

'itf 
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the,Germaii empir^ halnpg ttyi brought tloder tt^.do* 

miAioD of the bonfc of Auftria. TJbe,e&bli(bed rriigkm of 

tbefe countries if the church of Rofne.-r-Bohemi^ lies betwcuen 

48 and jft degrees north latitude, and between t» aqd 19 d^ 

grces eaft longitude. Bounded 00 the north by Satony and 

Bnttidcnburg; on th^ eaft by Poland and Hungary; on tfatf 

fimth by Aullria. and Bavaria ; and on the weft by fiavarid«-M 

Tianfylvania lies between 4] and 48'degrres north Utitude^ 

tod between aa and 15 degrees. eaft^l<Migitude. ..Bounded on 

die north by Hungary and Fdland ; on the fputh by Wala-^ 

chia; on the eaft by Moldavia; and 00 the weft by Hungary.-— 

Sdavonia lies between 4$ and 47 degrees north laptude, and 

between 16 and %% degrees eaft l9D|;itudeA Bounded .by the 

river Drave on the north ; by Auftria on the fbuth ; by tl|e 

Danube on the eaft ; nnd by the. Save on the weft.— rCroatk 

. lies between 44 and 47 dcgrcjes north latitude, and between 

^1$ ^d 1 7, degrees eaft. longitude* Bounded on the pprth by 

|.tbe Save ;. on the fouth by Morla^bia ; on. the eaft by Bpfni^ ; 

.jukt on the weft by Carnlqlat^-Morlachia lies betwG^n.44 

,11^46 degrees north latitude, axid between 16 and i.7:di^g7ees 

. ea^lbngitude. Bounded on the north by Carniola ^ on the 

.^inidi by Dalroatla ; on the eaft by Bo(hia ; and qo the weft 

by the Gulf of Venice. 

; ^wissEiLAND is boundcd on the north by Suabia | on the 
^.Caft by the Jake of Conftance, Tiroli and Trent; on the 
fimth by Italy ; and on the weft by France ; extending from 
.45 to 48 degre^ north latitude, and from 6 to 11 degrees 
. eaft longitu.de : and is divided into thirteen cantoni : viz. 
. Berut Fribourg, BaiiU Lucern^ Soloturni in the weft divifion; 
. Schaffhaufen, Zurich) Appensel^ in the eaft divifion ; and 
' Zngf Swifs, Claris, Uri, and Underwaldi in the middle divi« 
fiop. Sev^n . of tbefe cantons profefs the Komilh reli^on t 
iFriboorg, Lucern, Solqturo, Zug$ Swifs^ Uri, and Under- 
. wald ; tbe p^her fix are Protefiants. The climate of this coun- 
try is very various, on account of the inequality of the furface 
•f the ground, being fituattd among the Alps ; the higheft 
Vol, n« .Z mountain 
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' *itiouniaJni in Europe : h that it it common for the intuH 
to be reaping on one fide of the mountain 
'on the other fide of the fame mountain are fowiog. Th» 
' troRt In winter are very fevere ; and in the fammcr ibc bcji 

II Tome part!, intenfe. 
•" The commerce of Swifferland confifl* of tlicir callle, 
I horfee, cheefe, butter, hides, ikins, aniJ the produflioni ot 
[•■Aeir own manu&Aurc. the principal of which are fillts, bm- 
cades, linen, lace, woolleni, Aufis, hati, paper, leather, 
"'porcelain, toy^ watchei, and clocks. 

Eachcantoit formiafeparaie republici but when anycoo* 

f 'trOTCriy juifei, it ii referred to the geneni diet, which iit» it 

■Badeti, where each cantoD has a vote, and fends t«o de- 

TheNETBESLANDS lie between joand s+degreci nonh 
latitude, and bclwcen » and 7 degree) call longitude. Tbey 
»rc bounded on the north by the German oceanj on the 
etfl by Germany j on ihe weft by the Britifli channel ; and 
on the fouih by France and Lorriin. Tlie NctheiUndf are 
divided into feventeen pmvinces 1 the feren northerly onea 
•re called Holland, or the United Provincci, and tlie other 
fen are c-iUcd Flanders, or the AuHrian anil Frcnrh Neibcf- 
lands. .^^ 

The provinces of Holland, are Htilland, Zealand, Fri^H 
land, Groningen, OverylTcI, GelderlatHl and Zulptien, i^H 
Utrecht. ^H 

• The air of thefe provinces it ^ery nioSft and foggy; 
their barboars are generally frozen up four months in the 
year; and tlie fnil is very unfavourable for vrgctation j but 
the induftry ot' the inhabiunii hat greatly improved it, hf 
making canah and diicbci to drain the land. 

Their commerce 11 carried on to fudi an ^xttni, lh*( Ihert 
ii hardly 3 commodity of traffic 00 the tan of i!k globe but 
may be Ixiuglit here, and almoA ai cheap ai in the pUoee 
wbete i( it pnxluccd. 



J 



OP WOCtfUJ^BT. 1^1 



The rcfigkn of tbU oputry.ii^.Calfinifin ; \M aU;pi!|i^.. 
fioDs and ibdeties are tolcnitcd» of which there, lye fMt 

. Tto giovenMiMot .of HoUand b a dcmoci:ac)rt aii4Jtai ^. 
CQBti0i|e4for.t9iirardi of two hundred yean; ngtiritbftttidr 
iog they hud a.priooe under. th^ title of . a AadtMdcr^ 'Who&i- 
poiren.hid vefjilittte of the reg^ nature* . ». .iii. t 

The ten tthec pro¥iooe8i)f the Jlelberland^ oiiH Flitt^ 
den^ have been (Uyid^iaaapog the Auftriaof» Frai^ gnd: 

Dutch, but are now chiefly cUmed by the French^ mdoon- 
lain the ten following provinces : ^.— Brabant^ Antwerp^ 
Malinen, limburgh, Luxemburg^ NamuTyHaumlt^Cam^ 
biefit, Artouy and Flanders. 

The foil in moft of thefe profinces is eztiemely frqitfiilt 
and the air generally healthy, except in Brabaitt, and fime 
parti of the ibpceafts. 

The commerce of thefe proyiooes confiAs chiefly of tbefa: 
own mann&durey vif* — ^fine linens, cambricks, Jaces, and 
woollen fflann&Aures* 

F&AHCB extends finom;4» to 51 degrees nordi latitude; 
and firom j degrees weft,* to 8 degrees eaft longitude. It it 
{xNmded on the north by the Netherlands and the En^tih 
channel ; on the eaft by Germany, Swiflerland, and JtaLy ; 
on the fouth by the Mediterranean fea and Fyrenean monn« 
tains ; and on the weft by the Bay of Biicay. France was 
formerly divided into iz provinces; but at the late revolution 
it was divided into 84 departments, each departmept being 
diTided into diftri^s, and each diftri£k into cantons. The 
eighty-four departments are as follows : — J. Straits of Ca* 
lais. ft. North. 3. Lower Seine. 4. Somme. 5. Aifne. 
6w Ardennes. 7.ChaDoel. 8. Calvados. 9.£ure. io.Oife. 
ii.Marne. 12. Meufe. 13. Mofelle. 14. Lower Rhine. 
1 {. Finifterre. 16. North coaft. x7.IfleaniVilaine, 18. 
Ulayenne. 19. Ome. ao. £ure and Loire. 44* Seine and 
QifCf as. Paris. 93. Seine and Marne* a4« Aube. ax. 

Z% Upper 
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Upper Marne. 26. Mcurte. 17. VoTget. sS* Upper 
^inc. SQ. Morb:haii. 30 Lower Loire. 31. Majenne 
and Loire. 3ft. Sarthr. 44. Loire and Cher. 34. Loirette. 
35. Yonne. 36. Cote d'Or. 37. Upper Soaode. sS.Doubet. 
39* Vendue. 40. Two Sevres. 4uVienae. 4*. Indro 
and Ldirc. 43. Indre. 44. Cher. 4;. Nierre. 46. Sotnne 
and Loire. 47. Jura. 48. Lower Charente. 49. Cha* 
rente, ^ j<x Upper Vienne. 5i.Creuze. {t.^AUkr. 53* 
Rhona and Loire. $4. Ain. 55. Gironde. . 56. Dordogne* 
57* Corncae. 58. Puy de Domet $9. Upper Loire. 6o» 
liere. 6x.Landet. ^. Lot and Garonne. • 63. Lot. 64* 
GantaL 6$. Lozere. 66. r Ardeche. 67. Dreme. 6S. Upper 
Alps. 69. Lower Pyrenees. 70. Gers. 71. Upper G»» 
ronne. 7a. Tame. 73 . Aveiron. 74. Herault. 7 j • GanL 
76. ix)wer Alps. • 77. Upper Pyrenees. 78. Arriege. 79. 
Aude. 80. Eaft Pyrenees. 8 x . Mouths of Rhone. Sa.Var^ 
8j. Corfica. 84. Mount Blanc. 

The climate of France is reckoned, upon the whole, to be 
more fettled than that of 'iny other country in Europe. In 
the north the winters art very cold ; but in the interior parta 
the air is very tempei-atc and heakhy ; and in t^e fouth it la 
fb mild^ that invalids retire thither from all the northern 
tountries, to avoid the rigour of their own climates. 
' The commerce of France confi (Is of wines, brandy, vine* 
gar, drugs, oils, fruits, of which they have great variety, 
iilks, cambricks, laces, paper, parchment, hardware, toys, 
&c. aiid their trade is very confiderable and lucrati\*e both to 
the Eaft and Weft Indies ; but particuhrly to the European 
countricii. 

The national religion was alwa\-s Romifli. And their 
monarchs were always limitecf till tlie three laft fovercigns of 
France. The executive power is now vcftcd in three confult, 
the chief of whom is created coniuJ for life, with the power 
pf nominating a fucceflbr. 

Spans 
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SfAin liet between 36 and 44 6tgtec$ north kthnde; 
and behrten todegrect wilt^ and 3 degrees eaft iongitiide. 
It it bonixted on the north by the Bay of Bifcay and the P/- 
renean moontains ; on the foudi by Gtbnltar ftnittB ; on the 
caft by the Mediterranean fea ; and on the weft by Portugal 
and the Atlantie Ocean. It it divided idtd the fbllowny 
kingdoms or proriocet : Galida, Afioria, Bifcay, Navam^ 
Arragon, Catalonia, Valenciai Murda, Granada, Andalufia, . 
Old Cirftile^ New Caftile, Leon, and Eftremadun* 

Spain enjoys a diy, dear, temperate idr, except during 
the eqoino6tial rains ; and in the ibuthem prortnces dhring 
die fnmmer months, where it is very hot. The foil is as firuit« 
lid as the foil of any part of Europe ; but the natives are 
vtry indolent. In manj parts the choiceft fruits grow fp6n« 
taneoufly. They alfo have a great rariety of aromatic herbs* 
Seville IS celebinted for its oranges; and Murcia producea 
mulberry-trees in fuch abundance, that the filk exported from 
dus part amounts to soo,ooo pounds per annum. 

The diief articles of commerce in Spun are gold and fil- 
ler, which they derive from their fettlements in South Ame- 
rica. The principal numufadures arc filk, wool, iron, cop- 
per, and hardware. 

The national religion of Spain is the profeffion of the 
church of Rome. The Inquifition alwrays reigned in this 
country, till, by a late edid, it was put under fome reftric* 

dons. 

The conftitution of Spain is the moft abfolnte monarcby 
in Europe. And the revenue from Old Spain only, amounts 
to upwards of 6,000,000 fierling : what the t%a£t amount of 
the whole revenue is, is not accurately known. 

The military force of Spain is never lefs than 70,000 men 
in time of peace ; and in time of war the king has raifed near 

•OO^OOQ. 

Po&TUGAL joins to Spain, and is bounded by it on the 
IKHtb nod eaft ; and on the fouth aod weft by the Atlai||ye 

Ocean* 
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r-t:::f iijr:^ ii£n*3t, aou f:»x ; to lo degrees weft 

T:£ :L.ar.r« cc ?4XTl:|;&] is coirc temperate than that o£ 
Spiiu. ar aiTjgiri zd rs ri^.rirj to the iV^ Their oonunerce 
rfiT.rrf iiiiiixj cc -s-bet. fmhsi. iilt« i.zKr* woollen, and 
sontt rcAiit £Ik» Tzitj: Tt^j:gioc^ u thr of the church of 
aixnf; iinc ibe ]Tfrut):.z b«& gre^icr pcver here than in any 
cdisr =.-nznrx. Tiie cccifihuii ac is, l;ke tha: 01 Spain, abfio- 

Ir ft^T.. xD='a£ir^ S^i^Hy. Tie; be ta e t ii 37 and 47 degrees 
nsrSk \nTusu^ and b:Tr:rr. ; ar.i 19 degrees ead loogi- 
Ui£. Ct :^t£ c£C, 3 :•;.'>• ii.i vs.^, i: is walhed bj the 
'Utri: ix, y^t-z^zsTirfrLz^ -ka ; and on the north il is fe- 
iifiL imzL iiic r.= : i I..;r : ^ br ;he Alps. It contains the 
Ih isv. r-r c?xn:r-ie< : ?je±Do&:« Moatferrat, part of hlilan» 
S^riAT^ !£:. Njo!l». 5x^7, Milaocfe» Manioa, Tuicaoy, 
Uie Di-Ls : : Ti-rz^i itzri-jaha^ Geaoefe territories Oneg|Ua^ 
litc Znj^ 4£ yLxitSik i tcrrhoru, Veseuao territories, Popfc's 
Ccriici I£s, Kli.21 Iile» and fonie other iinaU 
A':, xbrie onucrnes are diuiod from each other; 
t.z\::.zz.f.tsTzz f^rxs of gc v craxcnr, diderent trade, and 

IzL^} :.Li i. £:yc soi^ asi tempcnte, but warm climate^ 
11^ is^ Stcn^vcr u 5Tc«Lv c^icctetl, owing to the indolence 
Ok' :^: :r.:.i'-:rrrf- 

Tbe ixiijpocs i^nivenaily profeflcd throughout Ixalr, is 
tl^: c: :he chizrch ot Rczr.e ; hut people of all other religions 
gt-^Ti."} lire usuK-leued in fr.oit parts of Italy* The com- 
K cji- i.-^ n:2au&c;urcs arc various, according to the differ* 
C1.1 ;..^r<; I'ot wines fruits, and i^l, conftitute the chief 
a.: c cf. Tr^c «.i;r:uncs to be met with in this extenfive 
itji.: o «:r.-.'-:rT are aicr..^;; insumcrabltr, it being the feat of 
r» n a -V ; ;:k ..$ i : ir.:i«^'j :y, paitiwularly of ancient Rome ; 
hu.:«:, tucic a.ne ;a:4v:iC£rah!e remains of the arts, th^ 

a works 
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^voiiLs of aadent aitiftt : the biinring moimtaiiit alio conlla- 
cute one of tbcir greateft natural curiofities* The haliao 
language if derired from the Latin ; with an intermixture of 
woitii fixxn the Gochiy and other barbarout nations ^ bat 
every feperate ftate has a different dialed^. >- 

To defcnbe the form of goTemment of each ftnte, woald 
be to enter into too minute a detail, as they are different la 
every ftate* 

TuEKBT extends into both Europe and Afia. 

European Turkey extends from 17 to 40 degrees eaft 
toogitude, and between 23 ^^d 49 degrees north latkiide. 
It is bounded on the north by Ruffia, Poland, and Sclavo.. 
oia; on the eaft by the Black Sea, the Hetlefponr, and the 
Archipelago ; on the fouth by the Mediterranean ; and cm 
<he weft by the Mediterranean, and Venetian and Auftriaii 
territories. 

Turkey in Europe contains ibme of the moft genial cli- 
mates in the world ; and is divided into the following pro* 
vinces : Crim and Little Tartary, Budzaic Tartary, BelTara- 
tuLf Moldavia, VVailachia, Bulgaria, Servia, Bofnia, Roma- 
sua, Macedonia, Janna, Livadia, Epirus, Albania, Dalma- 
tia, kaguia, Corinth, Ai got, Sparta, Olympia, Aixndia, 
Elis. 

The foil of Turkey is extremely fruitful, where the fcaft 
induftry has been employed: and all the fruits common to all 
Che warm climates are produced here io ^reat perfcdion ; and 
many valuable drugs are natives of this country* 

The commerce and manufa£tures of Turkey are chieftv 
filks, drugs, dying ftufis, in their natural (hte; with cotrotis, 
carpets, leather, velvets, foap, &c. ; but though the Turks 
arefituatedin the naoft advantageous part of both Europe 
and Afia for traffic, yet they ftiamefully neglcd it. 

The religion which the Turks univerfuUy profefs, is Ma« 
honetiiin ; but they are divided into as many feds as the 
pffofeSm of Chriiliaoity. The high prieft, or M a ti, is^ 

officer 
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.'f.'jr : \:;n J'Tttcu-. rr.jr vaercver becouKa inio coolly 
1.^ . i::-: :=:r'.:':r r^:::! ~^it: a.i ::3C and niem biok Moft. 

r.iu ^--:v^r3ir.Lu: :f Turkey s :^:^: of an aWblaic mooar* 
mn 'n 'J2;i :nif If:: ihere m re /.srcdirjiy fw,f<Cm i by 
..V :(: Lzr pnperr-: j*:! :ae righu ot lodividaili are lender* 
ri i^cur* ij xiiwr acnexoi ro '^c crnirchi by whkh 
-■ ez "rvs inti »r'.:rTr:a-s xay fecure cher piop q iy in 
'•. -ne Line± puilerity. The reven'jc of Turkey amoonti in 
'';T7arar':iazcw;:r:r*--i-t rri'ti'ions per ai: aura, but doeinotpro^ 
■juc: roiic xii.ians :q rht sir.per^r's treafury; the reft bms 
czipcncfiti c oatiod::: *. S.X. The voices oc the TnrtuOl cili* 
^'T^ v'l OC rvo pxTs : i^one iu3 cenai a lands isr their 
!ru:.-i:e::.iiice. md rr.c '?:^.f r Li paid cue of the tieafurj. The 
:.r:iia- onicunc :u zee ceo rooperi ; the latter, called Ae 
h>jr.'c-;;-:3r:-. ire jjou: ixvccc ; acd the janixaheti or ibol- 
gr:ar;:i« 2 ;,ccc : bcd^j z :^,ooo foot foldim in dilfaeiiC 
parts QL '±c empire. 
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OP ISLl. 

■ 

A? I A forxii the moft remarkable quarter of tlie globe in 

•'. .icn: halory. It nas here that the lirft man was created-— 

r\:thc pntriarch Noaii was preCer^xd during the flood — and 

tr :ii rhis quarter the world was repeopled a fecond til 

In Alii :iv«d all the patriarchs recorded in ScripCi 

and 
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and thb wai the franc of alt the tnnfaflioot recorded in boljr 
writ — and, finMy, it was here Jefut Chrill appeared, and 
wrought the falvation of mankind — and from beoce the 
Cbriflian religion was propagated. * ' 

Thij quarter of the globe enjo)>ithe moft fefWie air and 
fruitful foil oF all the quarter!, and produces the moll MU 
cioui fruits, odoriterous (limbs, fptcct, and valinble dni^' 
£Utni, Sec. 

Idolatry and Mahomeiifm are almoft univerfal in thit quar> 
ter of the globe, except in a few European fetllemenu. The 
languagea in ufe in this quarter are chiefly the Arabic, Per* 
liin, Malayan, Chinefe, Japanefe, Tartarian, Ruffian, and 
TurkiOi. - 

Afia is bonnded on Ae Weft, bjf the Red Sea, the Mediter* 
ranesn, the Arrhipelago, the Black Sea, and Europe; on 
the nonh by the Frozeii Ocean j on the eaft and foutb by the 
Pacific and Indian Oceans. It is fituatcd between the equator 
ind the frigid zone, and between aj and 180 degreM of eaft 
longitude; it is about 4800 milet in length, and 4300 in 
breadth, and contains the following countries. 

TutKET in Afia, being the other part of the Turlcifli em* 
pire, is about looo miles in length from eaft to weft, and 
800 in breadth from the northern parts to the defcrts of 
Arabia. It is bounded on the north by the Black Sea and 
Grcaflia ; on the eaft by PerJia ; on the fouth by Arabia and 
the Levant fea ; and on the weft by the Archipelago and the 
HeUefponc. 

This pan of Turkey was the principal fceneof all t£e 
tranfaflions recorded in ancient writ, facred add profane. 

Tar 1 ar y is an extenUve country taken in its full extent, 
and extends from Mufcovy on the weft, to the Pacific Ocean 
on ibe eaft ; and from the nations of China, India, Perfia, 
and Turkey, on the fouth, to the impenetrable regions oF tbe 
north. It extends from the thirtieth degree of iMMlb latitude 
to the frozen regiAns of tlie north pole; and from jo to 190 
degrees eaft longitude; and contain* Ruftian, Chinefe, Mo- 

VoL. II. A a gulean^ 
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gulean, and Independent Taitary, whicli are iu four grand 
dividons, 4000 niiies in length, and 9400 in breadth. 

Through fuch an extciiQve tra^ of a)untr}' the fioXL and 
climate muft neceffarily partake of a great variety. 

Their manners, languid ge, &c. mull aU'o be as various* 

China lies on the eaftern liorders of the continent of Ada, 
And is divided fion) Chinefc Tartary on the north, by a pro- 
digious wall, and, in fume places, by inacceffibie nwuntaina ; 
on the tsSk it is bounded by the Yellow Sea and Pacific Ocean^ 
which feparates it from America; on the fouth by the Chi* 
nefe fea, and the kingdom of Tonquin ; and on the weft by 
Tibet. It extends from 11 to 44 degrees north latitude, aod 
from 94 to 133 degrees caft longitude. 

In fuch an extenfive country there jnuft no doubt be a va- 
riety of climates. The fouthern paits are very hot, and have 
violent rains, while the northern parts are very cold, and 
their rivers frozen for fome months during the winter ; but 
the middle parts are temperate and pleafant. The foil alfo 
partakes of a great variety, though there is no part of this 
extenfive country but is fruitful, either from nature or art; 
for fuch is the induftry of the Chinefe, that they fuffer very 
little, if any land, to lit uncultivated. 

The Chinefc have a conilderable trade with every Europcn 
nalion« and with North America, exporting filks, cotton, 
gold and filver (luffs, painted gauzes, teas, china-ware, 
jpaper, and Indian ink, for which ihey receive ready money; 
delpiiing the manufs^luies of every other country but their 
ottn. 

There arc n great number of natural and artificial curio* 
iities in Thina. Among the latier are reckoned tlie famous 
wail which divii^cs China from Tartary, extending over 
mountains and valtics, of 1 ^00 miles in length, and from 20 
to 3; feet in height, jnd broad enough for Ax bor&men to 
iravi.1 iibre.ilh It has Hood near iSco years, and is nnw ml* 
ii:oA en;ire. 2. Ti.cir canals are works ei great magnitude^ 

i in&oiicJy 
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tDfinitely exceeding thofe in Europe. 3. The bridge over ih* 
lircr Saffriny, which conGfh of a fingle arch, whofe fpan h 
40octibiE3, and tit height 500. 4. The-Cientao, - or road 
of pillars, ivhich k a road broad enough for four horfet to 
travel abreafi, and near four mile* in length, defended bf aa 
iron ruling ; .ind unitct the fummiti of feveral mouniains, ia 
Older to avoid the n-inding of the roadt. It rclls upon ftrong 
ftone [Milan for the moll part. 5. The bridge of chain*, 
which is a bridge built upon a number of tlrong iron chaini^ 
.and bangs over a very deep valley, in the neighbourhood of 
King-Tuog. 6. The triumphal arcbet of China, of which 
tbere are above iioo; 200 of them are very magnificent; 
they were erected in memory of their great princes, Icgifla- 
tort, tie. 7. ThetomerofNan-King, calkdthc Porcebio 
Tower, being wholly covered with the moll beautitbl cbii a 1 
upwards of three hundred feet in height, nine norici high | 
each ftory decreaCng gradually to the lop. The whole forma 
the moll coned and grand piece of archite^ure to- be met 
wiib in the £aft, 

Aoiong the natural curioGtics may be reckoned iheir water- 
faUs and volcanoes. 

Their religion is that of Paganifni ; the deities are men 
that bive been eminent in ant aod fciences. They alfo wor- 
ftip inanimate bein t, a) mountains, woods, and rivers; but 
they acknowledge but one Supreme Being. 

IvotA, orHiKoosTAH, is an cxteofive country taken ia ^ 
its fiill extent. Bounded on the north by Tibet and Ufbeck 
Tartaty ; on the fouth by the Indian Ocean ; on the eall by 
China and the Tacific j and on the weft by Perfia and the 
Indian Ocean. It extends from 1 degree to 40 degrees north 
latitude, and from 66 to 109 degrees eafl longitude : and is 
principally divided into three parts : — i. The peninfiilaof 
India beyond the Ganges, on the caft ; 9. the main land, or 
cmpW of the Great Mogul, on the nonh ; 3. the peainfula 
within the Ganges, or on this fide of it, on the weft. 

A great part of the fea-coaft of India he longs to the Englilll 
Aas Eall 
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Eaft India Compny, where there arc many large and rich 
fettlements, from vhich we receive great qiianttcies of Eaft 
Jndia commodities. 

As the country extends through fo many degrees of latH 
tude, there is a great difference in the climates of the differ* 
ent paru. In the nonhern partt the air is rery dry and 
healthy ; but in the fouthern parts near the iea, in low landsp 
the air is very hot and moift 2 they divide the year into the 
dry and wet feafons. 

The foil, in general, throughout the whole countrj, it 
very fruitful, producing all the variety of plants, drugs, and 
fruits, to be met with in the other tropical climates. There 
are alfo mines of gold, diamonds, rubies, top;izcs, and ocher 
precious Hones. 

In the European fettlements the religion is Chriftianity s 
but in the nonhern and inland parts they are either Mahome- 
tans or Pagans : and divided into feveral kingdoms, each of 
which is governed by one or more nbfolute monarchs. 

PaasiA extends from a j to 45 degrees north latitude, and 
from 45 to 67 degrees eaft longitude. It is bounded on the 
eaft by the Mogul's dominions ; on the north by Uflxck 
Tartar)', the Cafpbn Sea, and CircaiTia ; on the fouth by the 
Indian Ocean and Gulf of Perfia ; and on the weft by Arabia 
and the Tutkifli empire. 

The climates of this country are very various. In the north« 
cm parts, and near the mountains, which are covered with 
fnow, the air is very cold ; iu the midland prts it is ferene* 
pure, and healthy ; but towards the fouthern parts there are 
fometimes hot fultocating winds, which blow over a fandy 
defcrt from fouth and eaft ; a blaft of which lias fometimes 
ftnick the unwar}* traveller wiih death in an inftnnc. The 
foil is various, lieing in fomc paits very barren, but where it 
is well watered it is ver)' fruitful. 

The principal commodiiies of traflk are (ilks, camlets, 
carpets, leather, emhroideiy, gold and filver threads, mo- 
hair, &c. 

The 
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' The national religion of Perfia b that of Mabometiiin, 
and the fe6t of Ali. 

Ara£Ia extends from 3 j to 60 degrees eaft longitude, and 
from IS degrees 30 minutes to 30 degrees north latitude. It 
is bounded on the north by Afiatic Turkey ; on the fouth by 
the Indian Ocean ; on the eaft by the Euphrates and Gulf of 
Baflbra ; and on the wefl by the Red Sea. 

Arabia is divided into three parts, viz. Arabia Petraea, or 
the Stuny ; Arabia Deferta, or the Defert ; and Arabia f eltx, 
or the Happy. 

Arabia the Stony is the wildernefs in which the children of 
Ifrael fojoumed 40 years : and in it may be feen the moun- 
tains of Horeb and Sinai, mentioned in facred nrir. 

Arabia the Defert principnlly confifls of a large fandy de« 
fert ; it has^ however, a few (pots of fruitful land, covered 
vfith verdure, which are interfpen'ed in different parts of the 
defert. It is over this defert that fome of the eailem nations 
bring their commodities of traffic from the £a(l, travelling in 
large caravans. 

Arad)ia the Happy is, in general, barren ; but foroe of the 
tallies between the mountains, and thofe plains which are 
well fupplied with water, are very fruitful. From this part 
great quantities of drugs are exported to Europe, and alio 
Turkey coffee. 

The Arabs arc, in general, a wandering people : many of 
their tribes live wholly in tents, and fubfift partly by robbin£-l|V^ 
the caravans which travel through the defert, and partly by 
the produce of their country, and the flefli of their cattle ; 
nifing no grain of any kind for domt- (lie ufe. 

Their religion is that of Mahometifm; bat many of the 
tribes are dill Pagans. Their language is faid to exceed even 
die Greek itfelf in copioufnefs. The Arabians have never 
yet been fubdued by any military force, though feveral at- 
tempts have been made for that purpofe* 
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SECT. VIII. 

OF AFRICA. 

The continent of Africa is in the form of a peninfulif foi^ ■ 
rounded on each Ade by water, except where it joios to Afia 
by the Ifthinus of Suez. Several countrie»> famous in anti- 
quity for the arts and fcicnces, were fituated in the northern 
parts of this quarter. And in the early days of Chiiftuaity 
leveral Chridian churches were founded here ;. but at the 
prefent period Mahometifm and idolatry degrade this moft 
fertile quarter of the glolie. That moft inhuman commerce^ 
trafficking in men, alio is carried on here by the European 
nations. 

The ancients believed the greater pnrt of this quarter of 
the globe to be uninhabittd, as alfo the gieatcr parr of Alia, 
and, indeed, all that part of the globe 1} ing between the 
tropics; but modern travellers have dilrovered, that the tro- 
pic.d countries are in general the moll fertile and bell popu- 
latcil; and of thcfe the i'ouihcin and interior ptirts of Africa 
are found the moft eligible, bo:h for \egctatioii and popula- 
tion. Its lea-coafti aie ihe only pnrts with which we arc par* 
ticularly acquainted ; but travellers arc now bufily emplo}'cd 
in making difcovericr. in the internal paits. 

Africa is bounded on the weft by the Atlantic Ocean; on 
the north by the Mediierrnncan ; on the caft by the Red Sea; 
And on the foiitli by the Southern Ocean. It lies between 37 
degrees north, and 36 degrees fouth laiitude, the equator 
rtinr.ing nearly through the middle thereof; and bttween 17 
d gree* weft, and ;i degrees eaft longitude. In length, from 
nonh to fouth, it is .ihout 4600 miUs; and in breadth, from 
e.tft to ueft, 3500 n..ic3. 

lYFT 
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Egypt is bounded on the north by the Iflhmus of Suez ; 
on the eaft by the Red Sea; on the fouth by Nubia; and 
oh the weft by the interior parts of Africa. It . lies between 
30 and 36 degrees eaft longitude ; and between 20 and 3ft 
degrees north latitude ; and is divided into Upper and Lower 
Egypt. 

The climate, during. the fummer feafon, is excedively hot ; 
vhen the fouth winds often raife fuch a cloud of fand as to 
obfcure Hie light of the fun, and caufe epidemical difeafes. 

The (oil is exceedingly fruitful, owing to the annual over- 
ilowing of the Nile. This river^ fo famous in ancient hiftory, 
has its rife in Abyffinia, at between 11 and 12 degrees of 
north latitude, and purfues a northern courfe for above 
1500 miles; when it divides into two branches, al>out fix 
miles below Grand Cairo; one branch extending eafhvard, 
and th« other weftward. It begins to rife in the be- 
ginning o^ fumiiier, and increafes three or four inches in 
height each day, for the firft week : the next fortnight It in* 
creafes ina IHHgreater proportion : and it is near four months 
before it is reduced into its channel again. The principal ci- 
ties and towns are built on eminences on the banks of the 
Nile, and, during the inundation, correfpond with each other 
by means of boats. When the Nile rifcs to the height of 49 
feet, it produces a plentiful feafon, but if it exceed that 
height it is produdiive of great mifchief, fweeping away both 
faoufet and cattle. 

In Egypt they generally have three crops in a year: the 
firil, of lettuces and cucumbers; the fccond, of corn; the 
third, of melons, and all the fruits common to h'»t climates. 

Their pallures arc the richcft in the world, the grafs be- 
ing ufually as high as the cattle. 

Their trade confifts of great quantities of flax and cotton, 
both prepared and unmanufadtured ; leather of different 
kinds ; alfo a great variety of drugs, and roats for dying. 

The 
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Egypt is bounded on the north by the Iflhmus of Suez ; 
on the eaU by the Red Sea; on the fouth by Nubia; and 
oh the weft by the interior parts of Africa. It . lies between 
30 and 36 degrees eaft longitude ; and between 20 and 3ft 
degrees nonh latitude ; and is divided into Upper and Lower 
Egypt. 

The climate, during. the fummer feafon, is exceffirely hot ; 
when the fouth winds often raife fuch a cloud of fand as to 
obfcure fhe light of the fun, and caufc epidemical difeafes. 

The foil is exceedingly fruitful, owing to the annual over- 
flowing of the Nile. This river^ fo famous in ancient hiftory, 
has its rife in Abyifinia, at between 1 1 and 12 degrees of - 
north latitude, and purfues a northern courfe for above 
X500 miles; when it divides into two branches, al)out fix 
miles below Grand Cairo; one branch extending eafhvard, 
and the other weft ward. It begins to rife in the be- 
ginning o^ fumitier, and increafes three or four inches in 
height each day, for the fir ft week : the next fortnight it in- 
creafes in a ftiH greater proportion : and it is near four months 
before it is reduced into its channel again. The principal ci- 
ties and towns are built on eminences on the banks of the 
Nile, and, during the inundation, correfpond with each other 
hf means of boats. When the Nile rifcs to the height of 49 
feet, it produces a plentiful feafon, but if it exceed that 
height it is produdtive of great mifchief, fweeping away both 
boufes and cattle. 

In Egypt they generally have three crops in a year: the 
firft, of lettuces and cucumbers; the Ircond, of curn; the 
third, of melons, and all the fruits common to h'»t climates. 

Their paftures are the richcft in the world, the grafs be- 
ing ufually as high as the cattle. 

Their trade con (Is of great quantities of flax and cotton, 
both prepared and unmanufadtured ; leather of difFerenc 
kinds ; alfo a great variety of drugs, and todis for dying. 

The 
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The comnr.on language fpokeii here is the vulgar ArabiCp 
as it is under the dcminion oi the Turks. 

Barcary extends from Egypt to the Atlantic Ocean, imd 
from the Mediterranean Sea to the Libyan Deferts, being 750 
m:ies in breadth, and near 2000 in length. Containing the 
countries of Mbrocco and Fez, which form one diftinct em- 
pire: and the fiates of Algiers, Tunis, Tripoli, and Btica, 
compoGng feveral di{lin6k flates, united together in confede- 
racy, under the Turkiih government. 

Its foil is exceedingly fruitfuJ, producing excellent eonip 
cattle, and pafture, and all the variety of tropical fmits; and 
vaft quantities of 6Q1 and fowl ; alfo a great variety of tanoc 
and wild animals. 

The commerce of this country is chieHy carried on by 
caravans: their exports conliil of leather, mats, handker- 
chiefs, carpets, elephant's teeth, oArich feathers, copper* 
tin, wool, fruits, gum, diugs, &c. for which they receive 
timber, artillery, gunpowder, &c. 

Their religion is that of Mahomet inn. Their Iaog;u^ 
varies according to the diffcrciit parts of the country. That 
fpoken in the inland parts, is either an African language or 
a corrupt Arabic. The latter is alfo fpoken in moft of ihe 
fea-port towns : hut in fome p^rts they ufea mixed Lmguafc^ 
inch as is ffxiken in moft of the Mediterranean ports. 

Moft of the Barbary dates lubfift by piracy : and their failon 
fight defperately when they meet a vcird belonging to any 
power with whom they arc at war. 

The gnvernmcnt is that of an abfolute monarchy. The 
emperor is in geiural both judge and executioner: and he 
acknowledges the Grand Seiirnior of Turkey to be bis fupe* 
ii«M-. When til: re is a vncancy in the government, cveij 
lolJicr in tl:c arn.y his a vote inchooGnga new emperor, 
uhicli is r.ttcn aticnJed v.ith great bloodflicd. 

llic p:»i ts (if Africa, fiom tl.e tropic of Cancer to the 
Cape of C;oJxI Hope, are ver\' little known, except the fea« 
.:oLlt thereof. The natives in general are black, except 

thofe 
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tbofe of Abfffinia, who >re of a Uwnej' complexioo, hkI 
areamucturcof Jewi, ChriIliai»,aDdPiigant. Thcrfligioa 
of tbe other coaocrict in tbii part a gcncrall/ that of Fa* 
ganiTiii, and tbe form of govemmeDt crcrjr where inonar- 
drical, except in a fewiettlements formed by the European*, 
00 the fea-coalt Few of their prioces, howevn-, potTcfs an 
catenGvB degree of territory. Ai the natives are ignorant of 
all the arti, utility, and refinement, tbe different kingdoms 
are therefore unconncded with each other ; and are gene- 
nllj at war. 

The foil of Africa it in general very fruitful : though in 
liimc parts it ii perfefily barren, particularly where there 
is very little water j the heat of the fun reducing ilie 
foil to a perfeA fand ; fuch are the coujitriei of Aniaa 
and Zaara ; but the countries of Mandingo, Eiluopia, 
Congo, Angola, Baiua, Truticui, Monomolapa, Cafati, and 
Helunenrugi, are extremely fruitful, and very rich in gold 
and filver. 

On the weflem coafl the Eoglilh trade it carried on at 
JaiDCs'i Fort, and other fetttemenis, near and up the rivec 
Gaoibia, where woollen and linen cloths, hardware, and 
Ipilituout liquors ^re exchanged for the perfons of the na> 
tirai. Many of the negroes uij) fell their own families for 
thdi; fuperfluiiies. The natives are often trepanned by 
fcreignen, or their own countrymen, and then fold to the 
Europeans : and many more are fold by the princes of tbe 
different ftates, being captives taken in war. Gold and 
iTory form the principal branches of commercci next to that 
itftheflaves. 

The Ponuguefc poffefi the greater part of the eaft sod 
well coaft of Africa, from the tropic of Capricorn to tbe 
equator. The Dutch have fomt fettlements towards the 
fbuthem parts of the continent ; and Cape Town, at the 
Cape of Good Hope, is now a free port, and is well fortifiet^ 
and where tbe Ihipt bound for India ufuallyput m, and 
trade with the natiret, pr Mottetttott, for tb«r cattle and 
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other proviCons, for which they ^ive them fpiritiious liquoi^ 

There are fcvcral iflands near the coaft of Africa, lyin^ ift 

the Eaflcrn or Indian Ocean, or in the Wcftern or Actainc 

Ocean, of which the chief are : 

I. ZocoTRA, fituarcd in 53 degrees eaft longitudcv irid 
12 degrees north l.ititude; 30 leagues eall of Cape Guar- 
dafuiy on the cpnrinent of Afrrca ; being 80 miles in length, 
and $4 in brcadtii, and has two good harbours. It is a po- 
pulous, plentiful country, governed by a prince who il 
tributary to the Porte. 

a. BAB£LMANDiiL, (icuated in theftrnit of tbefiiine oimef 
at the entrance of the Red Sen, in 44 degrees 30 minutes 
oaft longitude, and 12 dcg.ccs north luiitude, beingafmall 
f ir.dy ifland, not five miles round. 

3. The iflnnds of Joanna, iMnyotta, Mohilla, Angezdiv 
ancfComora. firuntcd between 41 and 46 degrees eaft lon- 
girude, and between 10 and 14 degrees fouth latitude: the 
chief of thefo is Jcar.in, to which t!ie others are tributaryy 
being 30 milc» loiig, .^nJ 15 broa'< r atifording excellent fruht 
and pro vi lion 3. The natives arc a I'i lend ly fet of people^ 
and profel's the M.jh.")mctan religion. 

4. MAUACAiCAK, the fargcd of the African iflandff 
fituatcd between 43 and 51 degrees call lcngitiide« and be- 
tween 10 aril 26 degrees fouih latitude; three hundred 
niilcb fouth-call of the continent of Africa* being near looo 
miles in length, tVom north to fouth ; and between 1 and 
300 n-.iles in biet-.Ith. C ;:i ween th's ill uid and the Cape of 
Good Hope, cr ilu continciit of At'iica, the fen rolls willi 
^uat foice, and is exceed n^ly mii^h. In this channel, al[ 
ILu rope r.n ihips p.r.i in their voyage to and from India, excapC 
theAn:er be to ) roivjiu Madaj;afcar is a fertile countryt 
aboiin.linj; in all the \ar:cty of friiits srd vegetables to be 
met wiih in the f-.ir.;: ei.v.are. The a*'- is temperate alfo, 
anil healthy. It is ir.h..!)-:i\! by b )th blr.cks and whites, pro- 
fcfli ;» dffirent r<;llgions ; hiU piinripaly Mahomeiifin and 
P.iganifni ; and governed by ftvcral pe::y piinces. 

{.Mac- 
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;. MApiiTiua, or Maurice, rnuiiteil in 56 degrees eaft 
Lingituiie, and 20 degrees fouth laihude; about 400 milei 
eaft of M.idagarcnr. ii is of an oval form, and about t;o 
miles in circumference, with a large line harbo>ir. The 
dimatc is heaJihy and plcafant ; and the ifland is w<ll watered 
with fcvcral rivers : thongh the foil is nut fu fniiirul as that 
oT the former, it nevcrthVlefs f..'edi a great number of cattle, 
iheep, deer, and goats. 

6. BoDRBos-, lituatcd in ;+ degrees eaft Jongitude, and 
si degrees foiith latitude ; abnui 300 mile^ eal\ of M jdagaf- 
car, and about 90 miles in circumference. Surronndcd for 
the mofipati wiili blind rocks, 9 few feet underwater. The 
clinin:e is in general healthy, though hot. It g^ffords very 
gnud p.ifturc and cattle. 

There are feveral other fmall iflandi about Madagafcar, 
and on tlic calif rn coaft of Africa. 

7. St. HeLtNA, fituated in 6 degrees well longitude, and 
16 degrees foiiih latitude; being laoo miles well from the 
continent of Africa, and iSoo eall from South Americaa 
T^ whole inand is fituated on a rock, and it about 11 
milci in circumference. There is but one iandtng-place in 
the iBand, which is at :he enft lide thereof. It it very fer- 
tile, diverfitied by hiJis and vallies, and abounds in all the 
conveniences and comf-fts of life. There are abom »oo 
fiuniliei, moflly defccnded from EngUfli parents. 

8. Ascension, fituated in 7 degrees 40 minute* fouth 
latitude, fliid 600 nii!cs nonti-wiifl of St. Helena. It is a 
ninuntainous barren :l1and, and ijiiinliabited ; about so milei 
Foiind. 

^ St. MATTiir.w, fituated in 6 degrees I minute well 
longitude, and i degree 30 n;inutei fuuth latitude ; and 
uninbabiicd. 

10. Cape Vesr Island* are lituaied between ay and 

s6 degrees wed longitude, and between 14 and t8 d>.'giees 

north latitude. They are about so in number ; but (he 

prijicipal are St. Jago, Bravo, Fogo, Mayo, Bonavifta, Sal, 

B b t St. 
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£l. Nicholat, St. \^incent, Santa Cruz, and St. Aaunjv. 
Thejr mAAl; belong to ih« Portuguefc and Spaiuanli. The 
air in geoenl ii veiy hot, and in fome unwholcfmict ^iMf 
are inhabited bj' Kuropeani and ibdr defcendants. ^ '■ 

II. GoKBE, Gtuated in I4dcgreei43 miauia nofdiw^ 
tnde, and 17 degrees so minutei weft toagiiude. It ><« PJ^i 
fpot DM exceeding two oiilei in circumference t but m n>> 
poctiot fitualion for trade. g 

■a. The Canaiisi, or Foktunate Islamdi, Vff 
fmn in number, and fituated between is and i^iegrtn 
wcQ iongiludc, and Ixtween tj and 29 degree* noRh Ixti- 
tade. Thcfe iflandi hare k pure teqipeiate air, and abnand 
in mo(t delicious ^ta, frocnwh^Keihe^bave ihoif fie!) 
winet called Canaiy, of which tbej export 10,090 ho^fbcadi 
annuall]r> 

13. The MADciaAi are three iQaodi, fituated in 3a 
degree* 17 minutei nonb. ladtude, apd between iSitf^nst 
30 minutet and 19 degree! wefl longitude. Tbde iAvrii 
■re mo&\f fatnoui for produciog the Haddn mne. of MSW 
no left than ao,ooo bogAieadt are annually exported. ,< 1 

14. The Asoaii, or WifTatti Jilands, are biii|ri 
belweeo aj um) 3a degree* tnH longitude, and hetw^J^ 
degreca and 40 degree* north latitude. Beinj; 900 imi . 
veil of Portugal t and lying in the midway between ^rofm 
cod America. Of thcTe St. Michael ii (he largely iicig 
near too mile* in cireunificrence, and conlaioiog jOtOOS -, 
inhabitant*. Tcrccra ii the moft important of thefe if 
on account nf iti harbour, which ii very fpaciout, aa^ it~. 
ford* good anchorage. There are fevcn other c ' ' " 
iflindt : their nimn are Santa Maria, St.Gcorp, t 
tiyiU Pica, FloKi, and Corvo. 
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Amsiica, OC te Great Wefiern Coatincntf freqvently 
calM die New WcMid, extendi fnm the 8ath degree of nonli 
ktitnde, to the j6ih degree bffoutblaiiiude; iml whetetbe 
biaidch n kaowiv from the 35th degree, to the ^36^1 
ieptB weft longitude ; extending near 9000 (nilct u Ifigtfa, 
«adfi99 in breadth. A) it extendt into both be iJtf|4eiti , 
ft hai two fummers and two winters. It ii willieil if the 
two peat oceans, the Atlantic and Pacific; having the fenner 
on the alt, and the Utter oa the weft ; by tbefe Teas it haa 
a dircA conunumcatioa with the other three quartcn of 
Ae world. It it compofcd of two great coatioentt. North 
uul Booth America, conncAcd together bj the kingdom of 
Blexico^ which is an illhaiu* of 1500 miles long, and in one 
put only 60 miles hroad. 

Ahxxica it the beft watered of any part of the gtobe; 
«fcn thofe vaft trafis of country fituated beyond the Ap^. 
^ian Mountains, at an immenle diftance from the occan^ 
are watered by inland feas, as the Lakes of Canada, which 
^re rife (o feveral large riven, ai the MifliSppi, the Miffouri, 
the Ohio, and on the noith, the river St. Lawreoce. all of 
cbem being navigable to their beadi^ which is a greatUvtii> 
tags for commerce, A 

South America is better watered, if poffible,tliB^3orth 
America, having the two laigcft then ia the world : jriz. — 

1 I" 
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the river of Amazons, and the river of La Plata ; the former 
having a courfe of about 3000 mi!es. 

A country of fuch vad extent on bot'.i (i Jcs of the eqaatov 
muft necelTarily have all the varieties of foils and climates to 
be met with in every other part of tb£ globe. It alio pro* 
duces mod of the metals, minerals, plants, fruits^ treeSj anJ 
wood, to be met with in the other parts of the world, aod 
many of them in greater quantities aod higher perfedion. 

This country likewifc produces diamou'.ls, pearls, emeralds, 
amethyils, and other precious llones ; alio cochineal, indigoi| 
anatto, logwood, brazil, fudic, pimento, lignum vitx, h^ 
ginger,, cocoa or chocolate, fugar, cotton, tobacco» the b^l- 
fams of Peru, Tolu, and Chili^ Jefuic's baiV, mechoacan, 
faflhfras, farfapariila, caflia, tamarinds, and a great variety 
of other woods, roots, and plants, many of which were not 
known before the difcovcry of Amci ica ; bcfides hideS| fun| 
and ambergris. 

Though the Indians ftill live in quiet pofllifion of many 
large trails of country, in the inland parts, yet An[>erica, fi) 
far as is known, is generally claimed by four powers : vix*-:* 
the Spaniards, £ngli(h, Portuguefe, and American fctt\ert| 
being the defcendants of Europeans, and who l)ave the 
laigcft fliirc of country, except the Spaniards, who pofleif 
the largeft and mod extcnfive portiof^ of .:ll, extending from 
New Mexico and Louifiana, in Noiih Aii.erica, to the Straits 
of Magellan, in South America ; except the large province 
of Brazil, which belongs to Portugil, Sprinam, claiiped by 
the Dutch, and Cajennc, the property of thp French, all in 
South America. The United States of America poflfcfs all 
that tra^ of country which is bounded by the Midiflippi, 
the liver St. Lawrence, and the L^kts of Canada, on the 
north and wed ; and uadied by the AtLuuic Ocean op the 
tad ; and on the fouth by the (lulf of Mexico. 

The American Islands, commonly called the Weft 

Indies^ 
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Indies, was the firft of Amenca difcovered by the Europeans, 
and are fituatcd in the guif called the Caribbean Sea* 
between the continents of North and Soath America, ex* 
rending from the coaft of Florida, to the river Oroonoko-: 
they are divided between five European nations : viz. — the 
£ngli(h, French, Spaniards, Dutch, and Danes. 

As all thefe iflands lie between the tropics, their clinnates 
lod foil are pretty much alike : the heat would be intolerable* 
if it were not for the trade-winds which blow during the fore 
part of the day, and the Tea and land breezes. Their feafons 
are divided into the wet and dry : in the wet feafons, the 
rain pours down with fuch impetuofity as to overflow the 
rivers, ai|d lay the low country under water. 

The principal trade oCi^e Weft Indies confifls of fugu 
and rum : they alfo export cotton, indigo, chocolate, coffee, 
and dying and phyfical drugs, fpices, and hard woods ; for 
which they receive from Europe, manufadures ; from the' 
Afncan iflands, wine ; and from the neighbouring continent^ 
himber and provifions. 

The Bahama Islands, which are faid to be ;oo in 
number, lie to the fouth of Carolina, between ai and tf de- 
grees north latitude, and between 73 and 81 wei^ longitude. 
There are, however, not above twelve of them of any mag- 
nitude, the red being little better than recks or banks, and 
almoft uninhabited, exce|?t Providence Ifland. 

The Bermudas, or Summer Islands, lie in the Atlantic 
Ocean, about 500 leagues ead from Carolina, in 32 degrees 
north latitude, and in 65 degrees weft longitude : thele are 
faid to be about 4.03 in number ; but containing not more 
than 20,000 acres. 

■ The iflands of Newfoundland, Cape Bretok, and 
St. John, lie at the mouth of the river St. Lawrence ; and 
are celebrated f ^r the quantify of liih found on their coafts, 
which is fuppofed to increafe the national ftock upwards of 
300,000/. annually : in thU branch of commerce 3000ifnali 
ccaft are irmp!o}'cd, and iO|COo hands. 

3 BlLITXftt 
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BtiTiftB AnEticAf or the territories on the c o otmeBI 
belonging to the Engliih, are New Britain, Canada, or the 
province of Quebec, and Nova Scotia, or Arcadia i b o u u il eJ 
on the eaft and foutb by the Atlantic Ocean and the Aam^ 
rican States ; on the north and weft, their boundaries hate 
never been defined, but are blended with the lands of the 
Indian nations. New Britain contains Labrador, and New 
North and South Wales. Canada contains the towns of 
Quebec, Trois Rivieres, and Montreal, all fitvated on the 
river St. Lawrence. 

Nova Scotia contains the towns of Halifax, AnnapoGt,aMl 
St. John's. 

The United States of Ameiica are boooded on the 
weft by the Indian nations ; on tiK north, by Britiih Ame* 
rica ; on the weft, by the Atlantic ; and on the ibnth, bjT 
Spanifli America, containing the following ftates or coloniets 
New Hampftiire, Maflachufets, Rhode Ifland, Conneftiortf 
iCew York, New Jerfey, Pennfylvania, Delaware, Maryland^ 
Virginia, North Carolina, South Carolina, Georgia, Ver- 
mont, Weftem Territory, and Kentucky. 

The United States, in the year 1776, were only 13 \tt 
number : Vermont, Kentucky, and the Weftem T e rr ito ry , 
have been added fince. The Weftern Territory is of iacb 
extent, that the Congrefs have determined to divide it into 
ten new ftates. 

From the lateft accounts, it appears, that the populatioa 
of the United States amounts to upwards of 3,083,600 per* 
fons, who are compofed of almoft all nations, languages, 
characters, and religions : the greater part, however, hare 
defcended from the Englifti. 

The language generally fpoken through all thefe ftates ia 
the Englifti, in which all their civil and ecclefiafticai matten 
are performed, and their records kept. 

There are, however, great numbers of Dutch, French^ 
Germans, Spaniards, Jews, and Swedes, who retain in a 
great degree each their native langoage, and have their re- 

fpeftive 
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ipe6tive placet of worfhip; and in general live cdnoibrtably 
and unmolefledy as to principles of confcience; 

Nfiw England is bounded on the north by Canada; on 
the eaft by Nova Scotia and the Atlantic Ocean 5 on the fouth 
by the Atlantic; and on the weft by New York* and is di- 
vided into five dates : viz. New Hampihire, Maflachufetts, 
Rhode liland, Connedicut, and Vermont, which are fubdi^ 
Tided into counties, and thofe counties again fubdivided into 
townlbips. 

New England is a fine country for paftures ; the valleys afe 
generally interfc^ted with brooks of water, the banks of 
which are covered with a tra6t of rich meadow land. 

The ftate of New York is bounded on the fouth-eaft by 
the Atlantic Ocean ; on the eail by Connedicut, MafTachu- 
fctts, and Vermont; on the north by Canada; on the fouth 
and fouth-wed by Fennfylvania and Niew Jerfcy , being 3^6 
itiiles in length, and 300 in breadth : and containing about 
44,000 fquare miles, equal to 28,160,000 acres. The river 
St. Lawrence divides this (late from Canada. The fettlements 
formed in this flate are chiefly upon two oblongs, extend- 
ing from the city of New York eaft and north. The eaft 
is Long Ifland, which is 140 miles in length ; the other, 
extending north, is about 40 miles in breadth. This flate 
exports to the Wed Indies bifcuits, peas, Indian com, 
apples, onions, boards, flaves, horfes, fheep, butter, cheefe, 
pickled oyflers, beef, and pork : but the principal part of 
their trade is wheat, of which, in the year 1775, they ex- 
ported 677,700 bufliels, and 255$ ^^"' ^^ bread, bcfidcs 
a8»8 tons of flour, for which they receive in exchange the 
commodities of the Weft India iflands. 

New Jersey is 160 miles in length, and 52 in breadth* 
Bounded on the eaft by Hudfon's river and ihe fea ; on the 
fouth by the fea; on the weft by Delaware bay and river, 
which divides it from Pennfylvania ; and on the north by a 
line drawn from the mouth of Mahakkamak river, in lati'* 
Vol, IL C c tudc 
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titude 4t degrees 24. minutes, to a point in Hudftm** rivoTp 
in latitude 41 degrees ; containing about 8310 fquare natles* 

This ftate has a great variety of foil, from the worft to 
the heft. But it contains a greater portion of barren land 
than' any other (bte, there being nearly one fenrth of this 
llate unfit for cultivation. But thoie parts which are fmitfal 
are equal in fertility to any part of the United States. 

The ftate of TiiKNSYLVANiA is bounded by Delaware 
river on the eaft ; by the date of New York on the nocthj 
by the parallel of latitude, 39 degrees 43 minutes iS le« 
conds, on the fouth ; and by a meridian line drawn iron the 
faid parallel at five degrees of longitude, from a poinft on 
Delaware river weft. This ftate lies in the form of a panl- 
lelogram. The north fide of Pennfylvania u the bcft Ibilg 
and moft populated, owing to the great number of new roadi 
which have lately been made. 

The ftate of Delaware is bounded on the north by the 
territorial line (which is a circle), defcribed with a radius of 
It Ec^Ufii miles, and whofe centre is in the middle of Ae 
town of NewcaAle, which divides it from Pennfylvania; on 
the eaft by Delaware river and bay; on the fouth by a line 
drawn due eaft and weft from Cape Hcnlopen in 38 degrcct 
30 minutes north latitude, to the middle of the peninfub^ 
which line divides the ftate from Worcefter county, in Bfary* 
land; and on the wtft by Maryland: containing about 1400 
fquare miles; being 9s miles in length, and 16 in breadth. 

The ftate of Marylano is bounded on the north bj 
Pennfylvanb; on the eaft by the Delaware ftate; on the 
foutliand fouth-eaft by a line drawn from the ocean over the 
peninfula (dividing it from Accomac county in Virgioia)^ to 
the mouth of Patomac river, and from thence up the river 
to its firft fource ; from thence, by a due north line, till it 
iutcrfedls the fouthern boundary at Pennfylvania: being 134 
miles in length, and no in breadth. The foil of Maryland, 
"where it is good, will produce from 11 to i6buflielsof 
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wheat, or from so to 30 bnlheh of Indian com, per acre. 
Their trade 11 chiefly with the other ftates, the Weft Indies, 
and 6>me parts of Europe : to which places they annually ex* 
port 30,000 hogflieads of tobacco^ befides great quantities of 
pig-iron, lumber, flax-feed, and provifioos. 

The flate of Viigivia is bounded on the eaft by the 
Athntic; on the north by Pennfylvania and the river Ohio ; 
on the weft by the Miffiffippi ; and on the fouth by North 
Carolina: ^«*5 /3O uatU^ \u icuj^tfc. ««id 114 in breadth* 

The ftate of Kentucky ts bounded on the north-weft by 
Ae river Ohio; on the weft by Cumberland nver^ on the 
fbatk by North Carolina j and on the eaft by Stody river, 
and a line drawn fiill fouth from itt ibarce to the northem 
booadBry of Nordi Caroliaa s beiogejo miks in kngth, and 
SOD in breadth. The fertility of the foil is fuch, that the 
bnd^ in common, will produce 30 bnflieh of wheat, or fye^ 
an acre. The heft hnds are too rich for wheat, and wftt 
produce from (o to 80 bufliels of good com per acir, and 
few ibili yield more and better tobacco* 

Th^ Hatft of NoB-rn Caiioi.in \ it bounded on the north 
by Virginia; on the eaft by the Atlantic; on the fouth by 
South Carolina and Georgia; and on the weft by the Miffif- 
fippi: being 7 j8 miles in length, and 1 10 in breadth* 

The ftate of South Carolina is bounded on the eaft by 
the Atlantic ; on the north by North Carolina ; on the fouth 
and ibuth-weft by the Savannah river. The weftem boun- 
dary is not afcertaincd. It is reckoned aoo miles in iength| 
and itj in breadth. 

The ftate of Georgia is bounded on the eaft by the At« 
lantic; on the fouth by Florida; on the weft by the river 
lAiffiffippi; on the north and north-eaft by South Carolina : 
being 600 Riiies in length, and 150 in breadth. 

The Westien Territory includes all that part of die 
United States on the north>weft of the river Ohio; bounded 
on the weft by the MiiBffippi river; on the north by die lakes ; 
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on ihc cad by Pennfylvaiiia ; and on the fouih and fouchrcaft 
by the river Ohio; containing 41 1,000 fquare miles, equal to 
263,040,000 acares, from which dedufSUug 43,04(^000 acres 
occupied by the water, there remaia 220,000,000 acres, 
which are to be ibid by Congrefs, for the difcharg^ of the 
national debt. 



TdfTiiories of Sp^'" *" ATaW^ Amprl^a, 

The donunioos of Spain, b North America, extend from 
81 degrees to 120 degrees weft longitude^ and from 8 to 
43 degrees north latitude* Bounded on the north by the 
United States and the Indian nations ; on the weft by the 
Pacific Ocean ; on the eaft by the Gulf of Mexico and the 
Atlantic ; and on the fouth terminating in the Ifihmus of 
Darien. They contain the following countries, viz. Eaft 
Florida, Weft Florida, New Meuco, California, and CXd 
Mexico. 

The ibil of ihi* i»\frnfivc triA of ronntry is v^ry varinQS^ 
bu: in general fertile : and it is in the moft mountainous 
parts that the mines of gold and filver are found. The ur if 
in general warm and pleafant ; but the noithem parts have 
very cold winds; aud the fouthern parts, lying within the 
Corrid zjnc, arc exceedingly hot. 



South Amvrho^ 

^oUTH Amep.icx, from the northern coaft of Terra 
Firma, and the Ifthmus of Darien, to the Straits of MageU 
Inn, belongs to the Spaniards, except the province of Brazilf 
which belongs to the Portugucfc ; and the fettlerocnts of the 
J^utch in Surinam* and thofe of the French in Cavenne. 

Brazil 
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BiA7iL, belonging to ibe Portuguefe, extendi from the 
equator lo q; degren fouch laciciidc, and from 3J to 60 de- 
grees ntfl Inngitude. Bounded on the north hy the mouth of 
the river Amazons and the Atlantic ; on the caA by the At- 
lantic; on ihc I'ouch by the mntiib of the river Plata; andoa 
Ihe weft by the unknown country of the Amazons. 

CAYESNt is the only fettlemcnt in the Tout hern continent 
of America retained by the French, and a Jltuated betweea 
the equator and j dcgreei north latitude ; and betwceo 
5a degrees 15 minutes, and 5; degreet 30 minutei weft 
longitude. It extends 340 milei along the coall of Guiana, 
and Rear 300 miles inland. Bounded by Surinam on the 
north; by the Atlantic on the eail; by Amazonia on the 
Jbuth ; and by the territoric) of the Indians on the weft. 

SuaiMAM, or Dutch .America) lies betivcen j and 7 de- 
uces north latitude ; and b bounded on the nonh by Cay- 
enne ; on the weft by Terra Firma; on the fouth by the In- 
dian nations ; and on the eaft by the river Oroonoko. 

The dominions of Spain, in South America, contain the 
following cxtenfivecountricf, viz. Terra Firma, Fern, Chill, 
Paraguay, Amazonia, and Patagonia i extending, as before 
t^fcrved, through the wbsic continrnt of South America. 

The climate and fori of Spa:ii/h America vary greatly, 
from the hot burning fand and fmoking fivamp in the north- 
ern parts in the loi rid zone, to the colli region of the fouth- 
tn> part, near Cape Horn. 

The iflands of South America are Terra del Fuego, the 
Falkland Iflands, and the ifland of Juan Fernandes; the latter 
of nhich gave rife to the famous ilory of Roblnfon Cnifoe, 
from one Alexander Selkirk, mariner, naiive of Scotl.ind, 
ttho «-as put afliore in this ifland by his captain, in the jrear 
1697, and ilifcovcred by Woodei Rogers in the year 1709, 
who took him on board, and brought him to Europe; 
after having been ou this tiniahabitcd ifland for twelve 
jaa. 

Tie 
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The number of iDbahitanta in the known parts of the worU, 
computed at a medium from the bed cilculationt, 
nine hundred and fifty-three millioni ; viz. 

Europe contains 1 53 miUtons 

Aiia • • • 500 



Africa • • • XJ3 
America • - 150 
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OF ASTRONOMY. 



SECT. I. 

OF THE FRIMART PLANETK 

Before I proceed to the defcriptioR of the Primary 
nets, it will be neceiTaiy to take a view of the fobr (yS^m, 
with the order and economj of the motions and oouiitt of 
tbofc planets. 

The fyAems which have been moft generally nwvcd ki 
aftronomy, are the Fuhmaic^ the C^pernicdm^ Pjib^gtrma^ 
a::d the TycoMtc. 

Tho 
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The Pi»Um*it fyfien), io called from iti inveiitor Ttolamyt 
(uppofei the nrth to be placed at reft in the ccatre of the 
univerfe, and the betveni revolving about it from call to 
well, in tfae (pace of twenty-four hours, and by thif motioa 
carrying the fun, fian, and planett, completely round the 
earth ill that fpace of limc. 

It wai tbic fyftcm which Arifiotle, Hippnrchni, and nwft 
of the phiLofopheri of anttquitji defendeil fo ftrenuoufly, and 
waa followed by the whole wartd for many agei, and longer 
retained in many learned univerfilics. But latter improve* 
(neoti and more evident demonflrationi hwe now utteriy ex* 
ploded it. 

In the Tytliic-.k fyftetr, inTcnied bj- Tycho, the Dane, Ae 
earth is alfo fuppof^d to be Hxed in the nntre of the iiniverfe* 
and all the heavenly bodies performing a revo'ution round it 
in tbel'pai;cot tu-enty-fourhoun, asinilicholomaicfytlein; 
but wi[h this differcoce,'lhattt alien's a monthly motion to 
the moon round, the earth, nnd alfo the proper motions of 
the families about Jupiter and Saturn. It alfo fuppofes the 
(nn to be the centre of all the primary pUnei« : the primary 
planets beii\^ carried round the fun in their rcfpcAive pertodi* 
while the fun, with all the aforefaid planets, revolve round 
the eanh e^ery twenty-four houn. Put this fyltem was lb 
inconfiHent with obfeivations, that it had but few fullowen. 
It wai tlierefore altered by Longomontanui and othcn, who 
allowed the diurnal motiun of the eatth on ics own axis, but 
denied its annual motion round the fun. This Improved 
faypothefis i> called l)\e frai-tyehtmU fjftem. 

But thefe fyAems have now given place to thac calted the 
CtftrnUajt f}fleiii, which undoubtedly is the moft ancient ia 
the wor!d. It was firtt introduced into Greece and [taly by 
P)'thagoras, and from him cslled the Pythagorean fyftem. ft 
xas adopted by Philolau;, Plato, Archimedts, and all the 
lEofl ancient phitofophen, but was at length ioft inder the 
t*eripate!ic philofophy, and rellorcd again about itw yeat 
I jco, by Nic Copernicus. 

Thb 
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T .: :■ "i-r us ::^^:- p'-vcd bv the moft emineac deoioD* 
f--iL:^3 :: re :.'i o-!t trjc one. I faal! chcrefore confine 
rr-'\.: :r *he ic:ir:p::ja ci thi^ alooe, and the pheiUMneni 

r 5. :. r\jZ£ i :, :: 1 rfprelenr«noa of this fyftem. where 
-/.<; "i-r- --=:cr:ric circles, ni3rked Mcrcurj*, Venus» the 
Za.-!:, M:.-;^ J-jpi:cr, ^^r'jrn, 2nd Georgian Sidnsi repre- 
■k=: :re :.-:r::i -.f Licie fcven prixary planets, perfornuog 
eaci: ::; ar-. ji! mincn round the fun, which it placed in the 
:rr-:-e. The -ex: :«? circles reprefent the twelve fi^ns of 
t^e 3-x; jC. w :!i a'^ ■:* ,::.:ic:ii into thirty degrees in each 
■1 :-. A" :. ::• t. :he : ao r.ex: o jter circles flicw the twelve 
ca'i-d:.- .— :.-'-• cf :hc -ear, wi: » their divi lions into davi. 

A r.i-r, Lt :r.e .r.tri: lenie of the word, (igni&es a wan- 
cs-=r, j: xi.-:.:er'-; ::ar; ir.d is ihcrerbrc ufed in contradd- 
rr/: :r. :.^ :>.c^ ::a.i which -xc cal= fixed. It is a celeftial 
bo^y, £ !ob j'.ar :r.>: op^ke, sr*d revolving around the fun, or 
i^zT.i o:her planer, as a ce:::re, at lea ft as a focus ro its orbit, 
wh.c." a.wcvi hii a n-ioceratc decree of eccentricity, fo that 
:: * -^ver r:uch f-r:".:cr from the fun, or centre of motion, 
c: c-^e : .i:e r.ua a: anctber, in proportion to the diameter 

T-j pi-::e:; are ciihsr primary or fecondan*. 

r. T 5-^ p! ir.ers, icnic:!xe5 ca'led p'anets, by way of eniH 
rcr:.\ :.c :h.^:e :"even above del -ri bed, which move roaiid 
:!.e :.:n, .u ;>.cir cj.iimon centre, or focus of their orbici. 

:f;:: vxi.y |\.ine:3, or fatelliter, are fuch as move rumd 
fen e p::n:iarv piarcr, as their focus, in the fame manner 
:;.c :>:i;v.A:y plai^cu move round the fun» Such' are the 
.Toor:, \vhch moves round the earth, and the four mooot 
o:' ;up::;:r, the fcven moons of Saturn, and the fix of the 

The prinurk- planets arc divided intofuperior and inferior: 
:he fiipcrior planets arc thofe that perform their revolutiona 
round :hc fun at a greater diftance from the fuP| than the 

canh 
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€arth 18^ as Mare, Jupiter, Samni, and the Georgian. The 
Inferior planett are thofe included within the orbit of Uie 
earth, as Venus and Mercuiy ; as may be fcen in the figure; 

The planets were formerly reprefented by the fame cha» 
ra^ien which the cbemifts made ufe of, to reprefent their 
aietals by, on account of a fuppofed analogy between the 
phmets and thofe metals ; and thefe charadtert are fliil ufedf 
to avoid conf ufion* 

Thus, Mercmy^ anciently called the mefTenger of the Gods» 
was fignified by the charader $ ; which (food for the metal 
mercury, and alfo bore a rude refemblance to the heathen 
deity of that name, being a man with wings on his head and 
feet. 

Femus, the next planet in order, fo named from the God- 
deft of Love, was charaderized by 9 » for the figure of a wo* . 
nan ; and denoted the metal copper. 

TiUms^ or the Earth, was charaderized by O ; ^d is tho 
tiurd planet diftant from the Sun. 

JftfTf, or the God of War, was denoted by ^ , and repre^ 
iented iron ; and fuppofed t« bear a refembhnce to a man 
iK^ing out a fpear. ^ 

Jmpiter^ the chief of the heathen gods, was marked V > to 
ftprefent thunderbolts ; and fignified the metal tin. 

SsfmrMf the father of the gods, was reprefented bylif to 
icfemble an old man, fupporting himfelf with a fUff; the 
fittne charafter being ufed for the metal lead. 

The G^rgian^ or Herfchel, is denoted by 9> ^c initial of 
Dr. Herfchel*s name, with a crofs for the ChriiHan planet. 

The 0rhit of z planet is the path it defcribes in going round 
die Sun; they are reprefented in the figure by concentric cir- 
cles. The Earth^s orbit is called the ecliptic. 

Kepler was the firft afbonomer who difcovered tbaf Ae 

orbiu of the planets were not drcular, but ofanelOpcic 

form, in the form of the figure (fig. ft), having the Son in 

one of the foci thereof: and he further difcovered fheie two 
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primary laws, from hence called Kepler's Laws: viz. thit a 
radius drawn from the centre of the Son to the centre of the 
planet, always dcfcribes equal areas in equal times; Of^ 
which is the lame thing, in unequal terms, it defcribes areas 
proportional to thole times : and the fquares of the periodic^! 
times of the planets are as the cubes of the mean diftaocei of 
the planets from their centres. 

Thus, let d ef (fig. a) be the orbit of a planet, or an el- 
Jipfe, in which ^ris the centre, and a h the two feci of Ac 
ellipfe, in one of which foci the fun is placed, as feppofe hi 
then if the area hh gh*^ equal to the area h gf^ the planet 
will be as long in dei'ciibing that part of its orbit from h ID 
^, as from^ to/. A ftiaight line ^/ drawn through the twp 
foci of the orbit is called the line of the apfides, and the 
point r, being the fartheft fiom the Sun, or ceptre of motkm, 
is called the higher apfis, or aphelion \ and the point/^ beiag 
that point of the line next the Sun, or centre of- mocion^ is 
called the lower apfis, or prrihehonx therefore, when the 
plsRct is in its aphelion, its motion is the flowcft of all, and 
when in the perihelion the quickeft. 

The ajiis of a planet is an imaginar)* line, fuppofad tobe 
drawn through the centre, about which the planet peifoims 
a diurnal rotation. 

The method of defci ibing an ellipfe is this : having ftnd 
two pins, or pt)ints a b, with a piece of thread doubled, nd 
a pen, or pencil J in the double cf the thread, dcfcribe thr 
ellipfe d ^ /, keeping the thread extended to the full length 
by the pencil, d. And note : the two fixed pointi m and I, 
which hold the thread, are always the two foci of the clli|lfe| 
and the nigher thele two foci are together, thenearerAe 
ellipfe will npproacu to the form of a circle: and the fiuths 
they are diftant from each other, the farther the ellipfe de- 
parts from a circular form. The diflance tf r, or r ^, that ii| 
The diiiance from the centre to either focus, is called the cc« 
ccntrik'ity. 
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The orbits of the planets are not all in the fame plane ; 
neither are any two of them in the fame plane : but the plane 
of the ecliptic, or £arth*s orbit, interfe^s the plane of the 
orbit of every oiher planet in a right line, which paflea 
through the Sun, called the line of the nodes ; and the points 
of interfe^ion of the orbiti are called the nodes. 

The different inclinations of the axis of a planet to thp 
plane of its orbit are the caufe of the different feafons of the 
year in that planet; and the diurnal rotation of the planet 
round its axis produces the fucceifive changes of the day and 
night. Thus, in the Earth's orbit (fig. 3), let A reprefeat 
the Earth in the fummer feafon, on the a ift of June. N S i^ 
the axis of the Earth, N being the north, and S the fouth 
poie, about which the Earth performs her revolution every 
twenty-four hours. Let c a reprefent the path deicribed by 
the city of London, in the rotation of the globe round its axis. 
Now the reaion why the days are longer than the nights at 
this feafon of the year in London, will be evident, from a 
bare infpc^ion of the figure. ,For the axis of the Earth being 
inclined to a perpendicular drawn to the ecliptic, in an angle 
of twenty-thice degrees and a half, and the city of London 
being dtuated in the fifty-fecond degree of north latitude, 
which is nigher the north pole than to the equino^ialji it will 
not pafs through near fo great a fpace of the dark fide of the 
Earth, or that fide oppofite to the Sun, as it will through the 
illuipinated part of the Earth, or part next to the Sun. The 
nights; in this feafon of the year, only continuing while Lon- 
dooddcribes that part of its traift, from c to l\ and from ^ 
to ^ on the other fide : but as foon as it arrives at h it will be 
daybreak, and the day continues while London defcribes that 
part of its track from b to «, and from ^ ro ^ on the uther fide 
of the globe ; and when it arrives at tf, the Sun will be on the 
meridian, or it will be tlicn noon -day. The length of the 
day, therefore, will be to that of the night, as the difiance 
r ^ to that of a. 

But when the Earth arrives at B, which is on September 
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s-,i!, the axi* of 'he Farth ainayi keeping in ih 
•; n. :he davi will be eqiiM to rh; nights j for iti 
lied pari rf the Earth will extend exa.tly iro 
■.t ro :Se I'uth po'ei; and the e tore, in tiie |>alla(;c 
:h frca". ■* .o B, the len^h nf the ttivs will gn 
fi,: ■- ine noiitiern laiiuucs, but incicafe in the 

"^-. :. M'-rt-j is the fmalleft of all the ptimaty p 
zciTcr. :hi ^un ; performing hi» rerolinion in 
X -iiZT^ii vr.sa sr.y of the reft, round tnc Sub, am 
irr -»-■; TT-^a.-m. This orrafioned the Greeki n\ 
rri;>-: tjt* i.ii c^j-a^ler, calling it, as before obf 
-■^~;-^ri-:"*.M god*. 

Vrt :r< JT . .:is,-e ff this planet from the Sun, ton 
r *:i:: ei* :be Emh from the 5un. ii ai 387 to 
^;.-^ hj iibr.c-e from the Sun ii about 17,0: 
■s*. •■-- : rJ* 7.:r^ thin one third of the Eanh'* d 
■r ;>* ?.;r. Keste. the diameter of the Sun, feei 
,";i . m-". Jprvar neir three timea as brgc u whe 
^ :>; Eitb ; ce-ffijuentlv. that planet receives 
■i-::~n a — u;h fcejt and light from the Sun, : 
iTh Ax*. — Till ii 3 <3egree of heat fuDicient to 

T-f .vjTTjrer e-f McTuiy ii not one third of that ■ 
-r"-. .t-iS-iK src?-iksi therefore, its futAce ii 1 
r z.—\ ird i:( i^.i^Ky one twenty-foventh'of itui 1 



T'tc-"^:m M.T.-.ir>-if in.-!inediotheplaneofth« 
:. i" ;■■;■:?. ( c.*b-;. in an .irjile of 6 degreei 54 m 
rte jv-'.":--.! ct.i enntx revxhitii'n round the Min 
V.,-e .■: ?- i'}* 1; h.-;:r( i.-} minn:e( ; therefore, tb 
■■(■f .in.'. »-^.ters in :h;: pljiiet cannot be more than j 
r.->. H'f jrestti^ e;iwgi:;i>n from the Sun, that 
l r,;:t ,: .".biice thit he is feen hy us to dcpirt from ti 
' t> i'r;:ree« ao mmmei : the eccentricity of his 
■ •< ■;':- ^•: hii proportional mean diftance froai th 
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which is far greater than that of any of the other pTanets ; 
and the pace with which he moves in his orbit is at the ama- 
aing rate of about 9 (,000 miJes in an hour. 

The place of his aphelion is 14 degrees 13 minutes of 
Sagittal y ; the place of his afcending node is 15 degrees 47 
nunutes of Taurus, and confequently that of the defcending 
sodr* 1 5 degrees and 47 minutes of Scorpio. 

The length of his days, or rotation on his own axis, in- 
fdinatlon of his axis to his orbit, gravity on his furface, den- 
iity and quantity of matter, are all unknown* 

Mercury is obferved to appear with various phafes, like 
the Moon ; varying according to his various portions with 
regard to the Earth and Sun ; therefore he never appears 
with a full fKe towards us, except when he is too near the 
Sun to be diAin^lIy feen ; for his enlightened face is a1wa}'8 
towards the Sun. From thefe obfervations it is plain, that 
Mercuiy, like all the other planets, is a dark opake body, 
luviog no light of his own, but what be receives from the 
Sun ; for, if he bad, he would always appear completely 
round. 

The bed time to make an obfervation on this planet^ is 
when it is feen on the Sun^s dilk, called its tranlit ; at which 
'time it pafTes before the Sun, and appears like a little round 
black fpot on the Sun's fuiface, eclipling a fmall part thereof, 
and is only vifible through a telefcope. And as thefe tranfits 
lun happen only when the Earth and Mercury are both in 
tbe fame node of Mercury, (that is, on the 6ih cif November, 
^d the 4th of May ;) and at which time Mercury mud a1fr> 
be in a^i inferior conjunction, it will follow, that at thefe 
times, when Mercury is in the inferior conjunction with the 
Sun, he will appear to pafs over the Sun's diik. 

Bot in all the other parts of his orbit, he will never make 
a tran6t oyer the Sun, though he tnay be in an inferior con* 
ionfttoo , becaufe he goes either above or below the face of 
the Sun. Gaflendi, in November 1631, firft took an obff.r* 
vatioD of this kind ; and Mr. Whiiion has given a lift of 

fcvcral 
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i'everal uaiilits of Mercury: viz. — November isthj at 3 
hours 44 minutes, afternoon, iii i;32; May 4rh, at 6 
hours 57 minutes, forenoon, 1706; November 5th, 3 
hours 55 minutes, afternoon, 1789 ; and the 7ih, a 
hours 34 minutes* afternoon, 1799* 

yitMMjy the brighteft, and, to appearance, the largeft of 
all the planets, is the next inferior planet, and is diftin- 
gn idled from all the reft by her bright nefs, and white ap- 
pearance ; her light is fo confiderablc, that in a dulky place 
file will often caufc an obie^ to p'roje«^ a fenQbleihadow; 
and her bi ightncfs is fj great, as often to render her vifibie 
in the day-tin le. 

As Venus moves round the Sun in an orbit within the 
Earth's orbit, like Mercur)% die can never l^e feen in oppo* 
iition to the Sun, though (he dcp.rts farther from him than 
Mercury does; her greatest didnnce from the Sun being 
about 47 degrees 48 minutes, as feen froui the Ejrth. 

When (lie is on the weft of the Sun, which happens from . 
her inferior to her fuj^erior conj iin^lion with him, (he rifea 
in the morning before the Sun, and is then called the««r«/4jf 
Jiar: when ftie is to the enft ot the Sun, whiih is from her 
fuperior to her inferior conjun^ion, Hie fcts after the Sun in 
the evening, and is then calied the evening ftar. 

The diameter of Venus is nearly equal to that of the 
Earth, being alx)ut 7687 miles ; her apparent mean diameter^ 
feen from the Earth, is 58 fcconds ; but her apparent dia- 
meter, ieen from tliC Sun, or her horizontal parallax, ii onlj 
30 feconds : her diftance from the Sun 68,000,000 miles; 
her ccrentiicity x-V-, of her diftance, or near 476,000 milei. 
'I'lic inclination of her 01 bit to the plane of the ecliptic is 
3 degrees 23 minutes; the points of their interfcAions, or 
n»>dcs, aie in 14 degrees of Gemini and Sagittary. The place 
or her aphthon is 9 degrees 38 minutes of Aquarius. Her 
axis is inclintd to her orbit in an an:;!c of 75 degrees: her 
pcrnHlicil couifc round the ^un is performed in 224 days 16 
\\k:\\\% 40 minutes. The diurnal rotation round her axis is 

no: 
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not ceitainly known : Caffini makes it 23 hours, but others 
make it much more. 

When Venus is obferved through a good telcfcopc, fhc is 
pcircivcd to hnvc various phafes and changes, like thofe of 
the Moon ; her illuminated parts being conftantly turned 
towards the Sun. 

Dr. Herfchel made many obfervations on this planet, 
betw ee n the years 1777 and 1/93. The refults of his ob- 
fervations are, that this planet has a revolution about its owa 
2m, bat the periodical time of which he was not able to 
afeertain ; that the pofition of its axis cannot certainly be 
known ; that the planet's atmofphere is very confiderable ; 
the fnrfacc of the planet he alfo found to be diverfified with 
hills and vaJlics, and other inequalities. But the atmofphere 
of the planet appeared fo denfe, or fome other ob(lru6lion in 
the region of the planet prevented him, as he fays, from 
having a particular view of the mountains^ thougli aiCfted 
by the beil inftrumencs. 

The tranGts of Venus happen but feldom. One of thefe 
traniits was ieen in England, in the year 1639, by Mr- Hor- 
rox and Mr. Crabti ce : two more were fcen in the prefent 
century; the one, June the 6th, 1761; and the other in 
June 1 769. There will not happen another till the year 

In all other refpe^s Venus has the fame appearance to us 
regularly every eight years ; that is, her conjun£lions, elon- 
gations, times of rifing and fetting, being very nearly the 
fanM, and on the fame days. 

Some afttxmnmers have difcovered, or imagined they have 
difcovered, a fatellite belonging to Venus: of this number 
was Caflini, who, with a telefcope of 34 feet, in the years 
167s and 1686, thought he faw a fatellite move round this 
phinet, at the diflance of about three fifths of Venus's 
diameters. And Mr. Short, in 1740, with a reflc^or of 16^ 
inches focus, perceived a fmall ftar near Venus ; and with 
•another telefcopo of the fame focus, and magnifying to the 
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6oth power, he found its di (lance from Venui a{x>ut lo 
n^inutes ; and with a glafs magnifying to the a4oth power, 
he obferved the different phafes of this fatellite; and its 
diameter appeared to be near one third of that of Veotu. . 
And fcveral other acute obfcrvcrs have imagined thay dif* 
covered the fame thing. 

The Eanb, the next primary planet in order ftom the 
Sun, is our habitation. It performs its reToliitioa rouoil 
the Sun, at the diftance of 9j,ooo,ooo miles. Like all the 
other primary planets, it has both a diurnal and auaiial 
motion : — its diurnal motion is that by which it tarni round 
its own axis in the fpace of 24 hours nearly, from weft 10 
eaft, and thereby canfrng the continual fucceffion of day aad 
night. Its annual motion is that by which it Is earned 
round the Sun in its own orbit, and between the orlrite of 
Venus and Mars, having the orbits of Venus and Mcifcuiy 
within its own orbit, or between it and the SuOy which is ia 
the centre ; and thofo of Mars, Jupiter, Saturn, the Geor* 
gjan, &c. without, or above it, which are therefbie called the 
iuperior planets, and Mercury and Venus the infierior oiiea. 
This annual motion is accompHQied in the fpace of a jcafp 
or 36$ days 6 hours, or rather 36 j days, $ hours, 48 nunnies, 
48 t'econds^ — this is called the tropical year. But the tiflse 
the Earth takes to f>erform its annual revolution, from aoj 
fixed flar to the fame again, as feen from the Sun, is 36$ 
days, 6 hours,' 9 minuics, 17 feconds, which is the fidereal 
year. The figure of the Earth's orbit, as that of all the 
other planets, is elliptical ; the eccentricity of the orbit, or 
diftaoce of the Sun in the focus from the centre of the orbil^ 
ii about one fixticth part of the mean diftance of the Eaith 
from (he centre. The Eanh, as well as all the other pla- 
nets, performs his annual revolution according to the natural 
order of the figns. 

Hy the diurnal rotation of the Eanh on its axis the fiuK 
appearance is pioduced as if it were fixed, and the fun and 
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ftvs moved round them every t4 hours. For their turning 
round from weft to eaft, caufes the Sun, and all the heavenly 
bodies, to appear to move the contrary way^ or Trom eaft to 
wtttf as b imagined to be the cafe by the vulgar and -illite* 
rate. Thus, when, by the rotation of the £arth| the obferver 
is brought to that part where he fees the Sun or a ftar juft 
rifing above the horizon, in the eaft, they are faid to be 
rifing ; and as the £arth continues to move, other iUrs will 
appear' to rife, and advance weftward ; and when, by th^ 
OOtioD of the Earth, the obferver is brought dire^ly under 
the Sun or ftar, they are then faid to be on the meridian ; 
after which^ by a continuance of the fame nnotion, the ob- 
fienrer is brought -to the eaftem fide of the Earth, when 
the Sun or flar will appear to fet on the weflern fide 
thereof. 

The diameter of the Earth is 795 7$ miles ; though feme 
make it 7964 miles. 

The Earth, throughout its annual orbit, always keeps its 
axis parallel to itfcif in every part of its orbit ; thereby 
occalioning all the varieties of different feafbns of the year, 
and the different length of the days and nights, as feen iu 
A* 3 i ^^ ^^^^ enlightening more of the north polar parts, 
at one feafon of the year, and more of the fouthem paits 
at the oppofite feafon of the year ; thus producing the- dif- 
ferent degrees of heat in the different feafons ; for in the 
fommer feafon the heat of the Sun is increafed by two caufes, 
viz. — I. By the Sun^s rays being more vertical to thofa 
fitnated in the north parts of the globe ^ and, confequeiitly, 
die heat is not diminifhed in paffing through fo great a 
portion of the atmofphere, as when the rays come more 
oblique. And, idiy, having the light, and confeqnently 
the heat of the Sun for a longer fpace of time in the fummer 
than in the winter. All which will be evident from an in- 
Ipedion of the figure. 

What It here aflerted, concerning the Earth, holds good 
Vol. II. £e with 
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with regard to all the other planets, as each of them revolvci 
about an axis, which is not perpendicular to the plane oi 
its orbit, but inclined thereto in a greater or left angl«; and 
which axis is always parallel to itielf in eveiy p«t of cIm 
planet's orbit* 

The figure of the Earth, like that of all the other plancit, 
is that of an oblate fpheroid, which Sir Tfaac Newton do* 
monftiated to anie from the rotation of the Earth about 
its axis : and by the obfervation and experiments of \ater 
aflrnnomers, the polar diameter is to the equatorial dumctci} 
as 178 to 179, as affirmed by thsit great genius. 

The abl'olute gravity or denfity of the whole ourfi of At 
Earth is to that of the water as 9 is to 2, and to cnmnoos 
fione, as 9 is to 5. Thus, we difcoTer the very confidcrabit 
mean denilty of the Earth, which is almoft double to thai 
of common ftone ; from whence it may be prefuiiied9 thai 
ths: internal parts of the Earth contain greal quandcict of 
metals. 

Having the denfity of the Earth, its quantity of matter it 
eafily found ; being always equal to the produfi of iia 
fity mult p led by its magnitude. 

The Eai th is, moreover, every where furrounded faj 
atmolphere, which is that large quantity of fluid 
extending over the whole fui face of the Earth, confifting of 
air, aqueous and other vapnirs, ele<ftric fluidt Ice whidl 
furrouud the Earth to a confiderable height, and partiko of 
all its motions^ both annual and diurnal. 

The atmofphere ferves for innumerable purpofea^ Hid i| 
even eiTential to both animal and vegetable life ; it » lhii| 
infinuating itfelf into all the vacuities of bodies, which canfo 
thofc muutions of generation, corruption, diflblution^ && 

Th*s atmofphere, like all other matter, has the propcftitt 
of weight and prcflure, the quantity of which it now ptcity 
well known, and is found by the barometer to be cqiml &# 
an equal column of quick Giver, of 30 inches high ; there- 
fore, becaufe a cubical inch of quicklilver is found to weigh 
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iMar hair* a poand avoirdupoifl, acolumn of q(iick61ver of 
30 inches in height, wboie bafe is one fqiiare inch, will 
weigh near 15 pounds; from whence it foijows, that tht 
height of the acmofphere on every fquare inch of furface oa 
the face of the Eanh is aifo 1 5 pounds. Thus it appearsi 
tibtt the prciTure upon the human body mud be very con* 
iderabie ; for, as every f(|uare inch of furface Aift.iins a 
preflure of 15 pounds, every fqvare foot will fulLiin 144 
times as much, or at6o pounds. 

The atmofphere has been proved, by late experiments, to ''^•^!^ 

become more rare, and of lefs denfity, the farther we re* 
gaove horn the Earth, and that in the foUowjog proportion : 
—At the height of three miJes and a half from the Earth, 
the denfiry of the armofphere is nearly iwo times rarer thaa 
at the furface of the Earth : at the height of feven miles, 
four times rarer; at the height of 14 miles, 16 times rarer; 
at the height of 21 miles, 64 times rarer ; at the height of 
Smiles, 256 times rarer: and at the height of 35 miles, 
1014 times rarer, &c. 

Mars is the firft of the four fuperior planets, and placed 
immediately next above the Earth, including the orbits of 
the Eanh, Venus, and Mercury, within that of his. 

The mean diflance of Mars from the Sun is 1523 of thofe 
parts of which the diflance of the Earth from the Sun is 
iooOf or upwards of 144 000,000 miles : his eccentricity 
34a of thofe parts of which the Earth is diflant from the 
Son 1000: his mean diameter is 4189 miles. The length 
of his year, or the period of his completing one revolu- 
tion round the Sun, is 686 ^^ days. His revolution round 
hb own axis is performed in 24 hours 39 minutes and aa 
feconds. His mean diameter, feen from the Sun, is 1 1 fe« 
conds* The inclination of his axis to his orbit is nothing 
bia.ajui being perpendicular. The inclination of his orbit 
to the ediptic is i decree 51 minutes ; the place of his 
aphelion % d^;ree8 6 minutes 15 fecoiids of Virgo: hit 
afictodiog node is 17 degrees $9 minutes of Taurus. 

£e a Dr» 
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Dr. Herfchel has made many obfen'ations on the rotatioQ 
of this planet about its axis, from which lie inferred that 
the mean diurnal rotation was between 24 hoars 39 minutes 
J feconds, and 24. hours 39 minutes 22 i'econdi. He alio 
obferved feveral fmall remarkably bright fpots^ near bodi 
the polesy which had a fort of motion. He alfe concludei 
that the inclination of his axis to the ecliptic it $9 degrees 
t2 minutes : and the node of the axis to be in 17 degrees 
47 minutes of Pifces. The obliquity of the planet's ecliptic 
28 degrees 42 minutes, and the point Aries on Man* eclip- 
tic to anfwer to our 19 degrees 28 minutes of Sagittary, 

The figure of Mars is that of an oblate fpheroid, like tha 
Enrthy having his equatorial diameter to the polar one, at 
13;^ to 1272, or nearly as x6 to 15. 

This planet alfo has a confiderahle, but nKxlerate atmiH 
fphere ; fo that its inhabitants pmbably are, in their nature. 
fiinilar ro the inhabitants of thi? earth. 

Mars always appears with a ruddy, diflurbed light, occa- 
fioned by the nature of his atmol'phere. 

When he is in oppofition to the Sun, that is, when the 
Earth comes between the Sun and him, he it nearly five 
times nearer to us tlian when in conjunction with the Son, 
or when the Sun is between liim and us ; and conftqueatlyt 
in the f«iriiicr calc, he appears near five times more larp 
and bi i«jht than in the latter cnfe. 

As he leceives his light from the Sun, like the other 
planets, he niiift nerflfaiily have an incieafe and decreafe 
apparently, like ihe Mi>on ; he m;:y alfo be obferved fomc* 
times almoft biicfteJ, when in the quadratures; but be is 
■ever feen cornirular, as the inferii^r planets arc; which 
iliows that his orhi: includes that of the f arih, and that he 
fliincs with a boi rowed li^ht. 

Between the orbils of Mars and Jupiter there have lately 
been d k ovcrctl two new jaanets : viz. one named the Pslfai^ 
dilcovered March 23, 1802: its eccentiiriry is greater thaia 
tJot of Mercury ; the inclination of its 01 bit tu the cclipcic 
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33 degrees 39 minutes ; its periodical revolution four yeftn 
£ve months, and real diameter 9$ miles. And the Grrj Ac 
JFenUmsMJ^ difcovered by Mr. Piazzi, at Palermo, in Sicily, 
on January ill, 180 1 : it is not a[>parently hrgcr than a 
fixed fiar of the eighth magnitude ; its clenents, iccoiding 
to M. Gaufs, are as follow,— ^inclination of its orbit to the 
ccHptic 10 degrees 36 minutes 57 feconds, a^^ending node 
•' »i% aphelion lo* 16° 27' 38", ccrcntriciry of' the orbit 
wo8t parts .of its mean diflance, periodical revolution 16;* 
<fay> 5 hours nearly ; and real diameter, according to Dr. 
HeHchel^ 162 miles. 

, Jupiter is the next fuperior planet, and the largeft of all 
the planets in the folar f} (lem ; in brightnefs, he is next 
to the planet Venus : his orbit is (ituated between thofe of 
Mars and Saturn. His diameter is above 11 times that of 
the Earth ; confeqnently his magnitude exceeds the mag- 
nitude of the £ai;h above 1300 times. His annual revo- 
lution round the Sun is performed in 4332 days 8 hours 
51 minutes 30 feconds, or nearly 12 years. His diurnal 
revolution about his own axis, he performs in the (hort 
fpace of 9 hours 56 minutes, by which motion every part oa 
his equator is carried round at the rate of 26,000 mi^es in 
an hour, being about 2^ times hSkcr than the equatorial 
parts of the Earth move. 

The axis of Jupiter is nearly perpendicular to the plane 
of his orbit ; therefore he has no fenfible change of feafons, 
except very near the poles. 1 his is wifely ordered by Pro- 
vidence. For if his axis made any confiderable angle with 
the perpendicular of his oibit, juft fo many degrees as it 
was inclined thereto would be near fix years in darkneis 
round each of their poles, in their turn. 

The orbit of Jupiter is inclined to the ecliptic in an angle 
«f 1 degree 19 mirutts 15 feconds : the place of his aphelion 
is 10 degrees g; miuuces 30 feconds of Libra: the place of 
his afccnding r.r Je is 8 degrees 50 minutes of Cancer^ and 
•f his defcending node 8 degrees 50 minutes of Capricorn*. 

The 
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The tccentricity of his orbit is one twentieth pan of bil 
mean ciii^ance tirom the Sun. 

Theie are fcveral taint fliiniog Tub (lancet which AiiTOiiiid 
Jupiter, of different dimenfions, called his zones or l>elii| 
nhicn are o>nftant*y changing their fize and fituations, aii4 
are, (hcrefore, generally believed to be clouds. They hare 
fomttimes appeared ot ditftrent breadths, at other times of 
Che fame breadth. Large fpots have alfo been obCcrred m 
thefe behs ; and whene^e^ a b«.lt vanilbes, as is often ibecaft^ 
the I'pots conriguous to it have aifo vaniflied. Thefe beitt 
have fometimts been inter riiptrd and broken, and the bri>kcii 
ends of I'uch belts hive often been oblerved to revolve 
round the planer in the lame time \vi:h the fpots. The 
fputs have ai o ^(Turned different appeal ances; fomeof ihcv 
changing their (hape from a circular to an oblong fonoi, 
others uniting togetlier in onCf and Ibmctimes one large oM 
dividing into two or three. 

The difference between t'e equatorial and polar diametcn 
of Jupiter is upwards of 6000 miles, the former being to 
the latter as 13 to it. 

Jupiter is attended by four mocns, nr fatelFites, liDine of 
them larger than our carihy which pei form their refpc£uve 
revolutions round Jupiter in diScrcht periods of time; to 
that there is fcarcely any pnrt of this great planet but whiE 
is enlighccDcd by one or more of thefe moons during the 
whole night. The periods, difiances in femidiameters of 
Jupiter, and the angles of the oibits uf thefc moons, 'iccn 
from the Eanh, arc as follow : 



NlLvm). 


Rcriod« round 
Ju{Mti:r. 


1 OiitanCiM 111 
?e:-;'i*- imctcrs 
0: .'u^iter. 


An.;If9 of the 
Orbits. 


1 

a 

3 

4 


D. n. M. 

1 18 27 

3 '3 M 

7 3 42 

16 iS ;: 


Si 


6 14 

9 58 , 
»7 30 1 



The 



The three neaieft moons of Jupher fall within his fliadow, 
and are eclipied once in every revolution ; but the orbit o^ 
Ihe fourth fatellice is fo much inclined, that it pafles the 
ihsidour of Jupiter without failing mco it two years in eveiy 



Satftfn is the next primary planet^ and the outermoft 
kom the Sun, except the Georgian. He (hines with a feeble 
fight, on account of his great diftance from the Sun, which 
it alfo apparently increafed by his great diilance from as. 
This planet has attracted the moil attention of all the 
primary planets, on account of his wonderful ring. This 
ring, or rather a double ring, one within the other, fur- 
lounds the body of Saturn, at a diftance equal to the 
diameter of the planet. Beyond the ring, feven moons 
^rform their refpeAive revolutions round Saturn. The 
rin 8 and the mo -ns are all in the fame plane, and are all 
dirk denfe bodies, and therefore call their (hadows upoa 
etch other. 

The phenomena of the rings hare engaged the attention of 
all the aftronomers, fince their difcovery ; fome contending 
it \^ as one entire ring, others dividing it into two or more ; 
tut the obiervations of Dr. Herfchel have been more fatif« 
hBory on this head than thofe of his predeccflbrs : he di* 
▼ides thrro into two rings, one within the other: their 
fiinenfions and fpacefl, he ftatei in the following proportion 
to each other: — 

lilies. 
Infide diameter of fmaller ring '46,34$ 

Outfide diameter of ditto > ^49393 

Inner diameter of larger ring 190,248 

Outfide diameter of ditto 904,863 

Breadth of the inner ring so,ooo 

Breadth of the outer ring 79*00 

breadth of the vadUnt ffiaoe ^9839 

This 
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This ling revolvei in iu own plane in lohoonjimi- 
Dutes I J ftconds. 

From the above (latemcRt it appears, chat the outfide 
diameter cf tlie larger ring is alcnoft s6 tinvs the dia- 
meter of the Eniih. Th.s ring is incline J to the plane 
of the eclipcic in an angie of 30 degrees. Whea we fee 
the ring moft open, its ihadow upo.i the planet is broadcft; 
and from that time the (hadow grows ntrrower as ^be liof 
appears tj do to us, until, by the annual mofioa of Saturn, 
the Sun co:i ea to the plane of the ring, or erea with in 
edge ; which, bcLig then dirc^ed towards MSy iieooines 
inviUble. 

Saturn is found to have certain zones or belts, ibmewfail 
like thole of Jupiter. Dr. Hcrfchel has difcovered and de» 
mooft rated that Saturn has a denfe atmofphere ; thai he 
has a revolution about his axis ; that his aiis is perpen- 
clicuhr to tlie plane of bis rings ; that his figure, like dwl 
of the other plane:;, is that cf an oblate fpheroidi the polar 
diameter being to the cquatoi ia] as 10 to 1 x ; that bis rings 
have a revolution in their own plane, their axis being the 
fame as that of Saturn. 

The annual period of Saturn about the Sun is near 30 
years, or 10,761 days 14 hours 36 minutes 4$ feconds; his 
diameter is about 79,04a miles, being near ten tinaes thai of 
the Earth ; bis diflaiKe from the Sun is about ^ timci that 
of the Earth. 

From his great diftance from the Sun, fome have imagvaed 
that the portion of light and heat derived from the Son 
is not fufficicnt for animal life. But that tbey have a 
greater portion of light, and confequently heal, than j| at 
firil imagined, is evident from the brightnefs if this planet 
and its fatellites, in the night-time. AlfO| as the Sud*s 
light to us is 45,000 times as great as that of the Aill mooo. 
the Sun will afibrd 500 times ai much light to Sarum, a^ 
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the full moon does to m ; and 1600 times as much ta 
Jopiter. Thus, thefe two planets, without any moons to 
enlighten them, would receive more light from the Smi 
than might be at firft imagined ; their number of latellices, 
Ae rings of Saturn, and the nature of then* atmofpberes, 
ttaf Mo have a confiderable etfed in increafing their 
light and heat. For we find that, in our earth, the different 
flegrees of heat do not entirely depend on the rays ot the 
Sun. The inhabitants alfo of thofe planets are, no doubt, 
adapted to their (itnations. 

Saturn has feven fateiUtes, or moons, performing their 
revolutions round him in their refpeftive periods, as fol- 
lows : 
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The four firft of thefe fatellites defcribe ellipfes, like 
thofe of the rings, and are alfo in the fame plane. Their 
mcfioation to the ecliptic is from 30 to 3 1 degrees. The 
fifth fatellite dcfcribcs an orbit which is inclined from 1 7 to 
18 degrees to the orbit of Saturn ; the plane of the orbit of 
this fatellite lies between the plane of the ecliptic and the 
]4anes of the orbits of the other fatellites. Dr. Herfchel 
diicovered that this latellite turns once round its own axis 
hi the time that it makes one revolution about the planet 
Saturn ; in which refped it refembles our moon. 

The Ge»rghm Sidns^ or HirfcbeU is the moft difttnt of all 
Hie primary planets from the Snn ; in apparent diameter is 

Vol. II. F f about 
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about four feconds. It is but fcldom be can be fecn by the 
naked eye ; but, having his fituaiion, he may be pUinlj 
fccn with a good telcfcopc, in a clear night. 

This planet is twic<: the diftancc from ^he San that Satm 
ig, and is nearly 83 years performing his aoninl couric. Ic 
is 90 times as large as the Earth. The degree of cx>ld la 
this planet is fuppofcd to be extreme, as it is computed thai 
the light of the Sun is not above the 300th part of what we 

enjoy on earth. 

This planet is attended by fix fatelUtcs, which perform 

their revolutions round him as follows : 
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The orbits of tbefe fttellites are nearly perpendicuhr to 
the phne of the ecliptic ; and by the bed obfervatioBi ibM 
have been made, it is probable that their magaitndei arc 
equal, if not greaier. than that of Jupiter. The modoi 
of thefe fix fatellites is retrograde, or contrary to the onkr 
of the figns. 

Thefe are the primary planets which conftitute the Ur 
fyftem, each of them moving, in his own proper ortiiti 
round the Sun, as the common centre* The Sun, thereCoic; 
can hardly be confidered as a planet, though reduxied is 
fuch by the ancient ^ftronomers ; but it may rather be 
ranked as a fixed flar. He bai, in every refpe£t| the fioie 
properties, being a fixed luminous body, impartiog light 

and 
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and heat to all the planets, both primary and fecondary, 
found ia his iyftem. The reafon he appears brighter and 
larger than any of the fixed ilars, is his neamefs to the 
Earthy in comparifon with the great didance of the former. 
For A fpedator, placed as near to any fixed ftar as we are 
fD^the Earth, would fee that flar, in every rcfpt-^, as large 
and as bright as the Sun appears to us ; and an vbferver, as 
far diftant fron) the Sun as wc are from the neareft fixed f!ar, 
irould fee tb.e Sun as fmall as the ftar appears to us» and 
would reckon it as one of the ftars. 

Though the Sun is faid to be a fixed body, yet he has a 
revolution round his own axis, wiiich he performs in the 
courfe of 27 days is hours and so minutes, which is found, 
by an obfenratioa of the feveral fpots, to be feen on the 
Sun's diik, which pafs from the weftem edge of his diik to 
the eaiiern edge thereof, in the fpace of lefs than 14 days. 
And thcfe fpots are found to perform one entire revolution 
round the Sun in the fpace of 27 days 12 hours and to 
minutes ; therefore we reaionably fuppofe, that this is the 
Sun's proper motion from weft to eaft, like that of all the 
planets. 

Philofophers have been greatly divided in opinion concerning 

the matter of the Sun ; fome contending it was a bail of fire, 

from the property of the Sun's rays a^ing like dre^ when 

toileted by concave mirrors or convex lenies: others, as 

Boerhaave, maintain the contrary, the particulars of which 

arguments I have not room to infert ; but the following pro* 

perties of the Sun are demonftrated by Sir Ifaac Newton :— 

I* That the denfity of the Sun's heat and light is feven 

times as great on the planet Mercury as it is \^ith us.— > 

2. That the quantity of matter in the ^>uo is to that in Ju« 

jHter nearly as 1 100 is to 1 ; and that the ciiilance of that 

planet from the Sun is in the fame ratio to the Sun's femi- 

diameter. — 3. That the quantity of matter in the Sun is to 

tbat in Saturn as 2360 to i ; and the diftance of Saturn from 

Ff a the 
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the Sun is in a ratio but Uttle Icfs than that of the Soft'-f 

femidiameter. And hence the common centre of gravity of 

the Sun and Jupiter it nearly in the fu[>erficies of the Sua; 

and that of the Sun |ind Saturn a little within it. — 4. Heooe 

the comoion centre of gravity of all the plaBeti cannot be 

more than the length of the folar diameter diftaat froa 

* the centre of the Sun. This common centre of graviqf 

IS always at reft ; and though the Sun, by the TarkHM 

pofitions of the planets, may be moved every way ; ytt k 

cannot recede far from this common centre. — j. The axis 

of the Sun is inclined to the ecliptic in an aog^e of S7 

degrees 30 mioutes nearly. The Sun*s apparent (Kaaicteff 

being ienfibly larger in December than in June, the Sua 

muft be proportionab'y nearer to the Earth in vioter than 

in fummer. In winter, the Earth will be in the perihcliooi 

in the fummer, in the aphelion. This is deawaftrated by 

the Earth's motion being quicker in December cbao ia 

June, by about a fifreenth part : for the Earth aad ewerj 

planet defcribe equal areas in equal times ; tfaui, whco it 

moves fwifter, it muft be nearer the Sun. Frain this we 

find that we have about eight days more in real time from 

the Sun*s vernal equinox to the autumnal, than ffom the 

nutumnal to the vernal.— 6. The Sun's dinmetcr is equal to 

100 diameters of the Earth ; therefore, the body of the Sua 

is 1,000,000 times greater than that of the Earth. — 7. Ths 

apparent mean diameter of the Sun is 32 minutes it i^ 

rondi. The Sun's horizontal parallax is now fixed at eighc 

feconds, five twentieths of a fecond. — 8. If 360 degrees (the 

whole ecliptic) be divided by the quantity of time in the 

folar year, it wi!l gAe $9 minutes 8 feconds^ &C. which is 

the mean quantity of the Sun's diurnal motion. And if 

thcle 59 minutes 8 I'econds be diviJed by 14, the number 

of h nirs in a day, the quotient it 2 minutes a8 feoondfi 

which is the Sun's motion in one hour; and which, divided 

by to, will give his motion in one minute, &c« By this 

methodi 
4 
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SECT. II. 



OF THE SECONDARY PLANETS. 



Thi fecondary planets, or fatellites, are certain plancti 
which perform a revolution round any other pbuiet, ai the 
MooQ doei round the Earth, They are called latellitei» 

becaufe 



i 



I 



mcthody the taUei of the Sun's naean paotion are icon*, 
ftruded. 

Thougfi-the planets above defcribed perform their periodt 
round the Sun, or rather round the centre of gravity, yet 
many of the planets feen from the Earth will appear to mote 
iu a contrary motion to the order of the figns ; particularly 
the inferior planets ; and fometimes they may appear fla<- 
tionar)', or not to move at all, for feveral nights together. 
But thefc appearances are nothing but optical deception?, 
arinng partly from the motions of the planets, and partly 
from the motion of the Earth on which we are placed ; for 
we always judge a planet to be in that part of theeclipde 
which is on the oppofite (ide of the planet to us ; this ife 
called its Gcoccrntric Longitude : but the part of the ecliptic 
in which the planet is fecn by an obierver, fuppofed to be 
placed in the Sim, is called the Heliocentric Longitude. • 

And the longitude of any planet or fiar is an arch of the I 

ecliptic, counted from the beginning of Aries to the place 
where the ecliptic is cut by a circle perpendicular to the 
ecliptic, and pafling through the ibr or planet. 
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it* f'» •; : ; ihcicfor-: ir ii equal to a 180 miles. The farhct 
ut rhc Mrwn is lo liiar of the Earth as 3 is to 4 « oral 
I lu iji ncar'v; iheitfnic, the Kirih reflets 13 timet 

at 



or ASTRONOMY. 2I3 



as much light upon the MooO| as (he does upon the Earthy 
when (he is at her fulL The fdWd content of the Moon 
is to that of the Earth as 3 is to 146 : the deofity of the 
Moon's ho.'ty is to that of the £anh as 5 is to 4 ; there- 
fore, her quantity of matter is to that of the Earth as i ia 
to 39 nearly. The force of gravity on her furfsce is to 
that on the Earth as 100 is to 393. The axis of the Moon 
it almoil perpendicular to the plane of the ecliptic ; there- 
fore, file has little or no difference of feafons* The mean 
apparent diameter of the Moon is 31 minutes 16^ fcconds. 

The various phafes and appearances of the Moon have 
puzzled all the aftronomers of antiquity. Her wanings and 
increalings, her various pofitions with regard to the Eartb^ 
and her frequent eclipfesi were matters of conftant admin- 
tion. The Moon being a dark fpherical body, and (luoing 
only with the borrowed light of the Sun, can only have one 
half of her body illuminated at the fame time, the oppofice 
half remaining in its native darknefs ; therefore, as the 
Moon performs a revolution round the Earth, die will 
fometimes turn the whole of her illuminated face towards 
Che Earth ; at which time {he appears perfectly round, and 
is a full m»ou : at other times only a certain portion of 
Jier illuminated face will be turned towards the Earth ; flie 
wiil then appear either horned, half rouad, or gibbous, 
according to the quantity of her illuminated part which is 
feen by us. 

To illuftratc this, let ABCDEFGH reprcfent the 
Offbit of the Moon, (fig. 9, fiati 17.) Now, when the 
Moon is at A, in conjunction with the Sun, her dark fide 
will be turned towards the Earth, and therefore flic will 
be invilible, as at «, which is then called the New Moon. 
When fhe arrives at B, or has run through one eighth part 
of her orbit, one quarter of her illuminated face will be 
turned towards the Earth ; (he will then appear homed, at 
ipt i. When ihe arrives at C, one half of her illuminated 

face 
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face is turned towards the Earth, as at r, when flie is 
faid to be in her quadrature. When (he arrives at D, 
which is called her iecond oAant, three ports of her illn- 
minated face will be turned towards the Earth, and (he trSI 
appear gibbous, as at d. When Ihe arrives at E, the whole 
of her illuminated face b turned towards the Earth, and (he 
appears quite round, as at r, when (lie is faid to be a foU 
Moon. As (he proceeds through the other half of her orbit, 
ihe decreafes agnin from e to «, and nearly in the faox 
ra^io, as (he incrcafed, in the former half of her orbit. 
And the Earth has all the fame appearances ro an obforvcr 
in the Moon, as the Moon has to us. but in a contrarj 
order: viz. the Earth being :it the m!! ro them, when the 
Moon changes to us, and c^Ay 'ver/a \ as is evident frum a 
view of the figure. 

Th? motions of the Moon nrf all very irregular ; theonlf 
equable mociun (lie has, is the rotation on her own axis in 
the fpare of a month, being tlic rime in which flie mafCS 
roimd the Earth ; which is ihc re.ifon tiiat Ihe alwa}-s ezpofts 
the fame face towards the Enith. 

The orbit of the Moon is veiy changeable, and docs OOC 
Jong preferve the fame fi^^urc ; for though the orbit of the 
Moon be an ellipie, hnving the Earth in one of her fad 
ther<K>f ; yet the eccentricity is fjmctimcs greater than It 
other times. 

The plaice of the Monn*s oibit is inclined to that of dit 
ecliptic, in an angle of five degrees. 

I'he face of i'dc Moon has the appearance, when viewed 
throi:gh a tclc'.copc, of being di\cr{ified wi:h hills and vat 
lies ; thib is aiib proved to be the caie, from the cdge^r 
border of tl.e Moctn 'Appealing jnggrd, L-f(Kci ally about Ac 
line which fepaiates the iiUiiiiinatcil part of the Moon frofa 
the d:*i k fide thereof. The lp(>rs alio of ihe Moon, which 
aie t;ik'w-n for niountains, are found to cad a triaogiibr 
fhauow in the dircAion oppofite to the Sun ; and Mk 

paru 
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which are taken for vallics or cavhies are always ink 
on that fide next the Sun, and illuminated on the op]X>fll^ 
A6tf wUch is agreeable to expericoce. Sonnetiines th% tops 
of the movDtaikii are ieen illuminated bj the Sun, while 
dteir bties are in the dark fide of die &foon ; an4 by theft 
means we have a good method of takng tho bcijght of the 
fMBB* nsouBtams* 

^ Thus, iet£D 0&. 14) be the Moon's diameter, SCt> 
die ime dividing the dark from the illuminated part of the 
Moon; and A' the top of a hill in the dbfk pHrt* juft begin* 
fling to be illaaiiaited : wMi a teleicope, take the proportion 
of AE to the diameter ED« then there are gFMsn the two 
fidca AE» £C, of the right-angled triangle AEC| tte 
Cinares of the two fidei of the right*angled tnangle bemg 
aiUed together give the ii}iiare of the bypothenufe AC, 
from the fipiare root of which, fubtrading BC, the radhs, 
there remains A B, the height of the mountain. 

From laie obfervations, Dr. Herfchel has difcovtnd tiult 
fccy few of the lunar mountains exceed half a mile mi per* 
pendicular height. The fame gentleman has alfe obTerved 
three volcanoes in the Moon, which he thut defer bes : 
^ I perceived (April i9th9 10 hours 36 mimileSy fidereal 
time) three volcanoes iii different parts of the dark part of 
the New Moon: two o( them are either already nearly 
extin£l| or otherwife in a Hate of going to break out; 
which, perhaps, may l^ decided next lunation ; the third 
ihews an adtual eruption of fife,' or luminous matter ; its 
light is much brighter than the nucleus of the comet 
which Mr. Mechain dii'covered ai Paris the 10th of this 
■lohth.** The following night he difcovered it burn more 
violently ; and by meafnring, he found the (hining or burn- 
ing matter to be more than three miles in diameter. The 
a£^ual fire or eruption of a volcano exa^ly refinibled a 
iinall piece of burning charcoal, when it is covered by a very 
thin coat of white alhes ; and it had a degrevof brighmefst 
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about as ft. ^og as thai with whicu a coal would be iun 19 
glow in hmi daylighr. 

Tbefe are die chief phenomena obfcrvable in the Moon. 
All the oiber iatellites aie of a fimilar natuct to this ; but 
from their great ^^tance from the Earths we are inubk lo 
be to i^nicolv in our defchpiiun of them. 

Though it be aiTetted, that the Mooa and the other 
iecoiui«ry f lancts revolve rour.d the primary plancu at their 
cecucif an^ loc primary pumcrs revolve round the Sua ht 
ibtircentiCt >«.t ii muft be rcmembciiedy that this aflertioo 
ii Qoi the real outhea^tical truth. For the primary pli- 
Dcts ijo not regard the San as their cxad centre ; but each 
prinury planet, and the Suu, revolve round their comsnot 
ceo;:c of gravity. Which common centre of gravity k 
that point where the :wo bodes, ur the Sun and pbne^ 
«iU equiponderate cnJi oxhrr, Thus, the centre of gravity 
in a Loxnaiwa bai4U».c &Cam, or fled -yard, is the point cf 
fuf|)enfion« 

To d;U:o\cT the common centre of gravity of two bodiei^ 
ii to find thac point, whoic d A tmc iroir* the greater body ii 
left than its diAaocc Ire m the lead body, in the Dune pro- 
portion at the gra\ icy of the lels body is left than that of 
the greater ; and in two bodiet of equal gravities, thflir 
common centre of gravity is equally dtftant from their 
centres. 

g 
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Th'jc, if Ii be a body four times as great in nngnitade 
as the body 1, and both be fuppolcd to be connefted by in 
inflexible wire BU the coir.mon centre of gravity of die 
two i\xiics will be at the point g, which it four times neuer 
to 1^ :!)nn to ! ; or as B g is to g I, fo is I to B. 

Thereore, the common centre of gravity of the Earth 
a:id Sun is nearer lo the centre of the Sun than to ihit 

of 
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of the Earthy by as great a ratio at the quantity of matter in 
the Sun exceeds that in the Earth, which centre of gravity 
is in the body of the Sun. The common centre of gravity 
of Jupiter and the Sun is alfo within the body of the Sun| 
though very near its fuperficies. 

The Sun is not a£ied upon by our Earth only, fo as to 
turn round the common centre of gravity of that and the 
Earth, without having regard to the other planets; but 
there is a common centre of gravity between the Sun and 
each of the primary planets ; and each of thefe planets has 
its effe£t in cauiing the Sun to turn round their centres of 
gravity. 

As the centre of gravity of Jupiter and the Sun is the 
fiirtheft diftant from tlie Sun's centre, owing to the great 
fize of Jupiter, and its diihince from the Snn, and as this 
centre is within the body ot :lie Sun, it follows th'it the Sun 
is never removed above one of its own diameters out of its 
pUce. 

Each of the fecondary planets, and its primary planet aUb^ 
mrn round their common centie of gravity. 

The figures i, a, 3, 4, 5, 6, 7^ and 8, (hew the tnie pro* 
portions ot the planets Mercury-, Venus, Mars, the Earth, 
Jupiter, Saturn, Geor.!;ium Sidus, and the MfH)n. 

Jupiter has four fatellites ; the times of whofe periods 
and diflances have been noticed in the laft Sedion. Their 
periods were found from their conjunction with Jupiter, 
after the fame manner as the periods of the primary planets 
were difcovered. Their diftances from the body of Jupiter 
are mcafured by a micrometer, and computed in femidia- 
meters of Jupiter, and then reduced into miles. 

The fatellites of Jupiter are of very great life in aftro- 
nomy ; for, by an obfervation of the ecliples of thcfe fatelr 
htes, we derive three great advantages:— i ft, in deter- 
mining the difiance of Jupiter from the Eanh ; adly, w^ 
fifid the progreflive motion of light : fer by ihefe ecliples, 
it is evident that light does not cqine to us from Jupiter 
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m an inftanf; fur if the motioa of light were inftantancoiBi 
it is evident we (hould fee the commencement of the eclipfct 
«f the fatellitci at the fame moment they really happeoi 
nhacev'er diftaoce the}* miglit be from us ; but, on the coa- 
trar}-| if light have a progreffive motion, it is evidentt the 
farther we are from a planet, the later we fliould be in feeing 
the beginning of its edipfe; and fo it is found to happen: 
the iatellites of Jupiter appear to be eclipfed later than the 
true computed time, and always proportionably later, ai 
the Earth is removed farther from the planet. When tka 
Earth and Jupiter arc nearcll to each other, that is, wiicn 
they are boih in coniunc:io:i, on the fame fide of the Sun, 
then the eclipies of Jupiter^s (atellites are fecn lo happen 
fooner than when the Sun is dirciflly between Jupiter and 
the Earth ; in which tjft cafe, the dillaiice of Jupiter from 
Che Earth is greater than it h in the fonner cUe, by lbs 
whole diameter of the £ai ih*s anou.;! orbir, or by double lbs 
Karth'a dillar.cc Aoni ihc Su:i : in this la A cdfe, we canMif 
oblerve an eclipfe of Jupiter's faieiiitcs, till near a quaner 
of an hour auer the time we could have difcovered it in the 
former cale, that i<, when Jupiter was at hii Icaft diftancc 
from the Earth. From liencc it fcliows, that the lig^c b 
utar a quaner of an hour in palling through a fpace cqod 
•o t?'c «1i?.metcr of the Eanh's orbit, or nenr eight minatei 
i.i pauaig from the Sun to the Karth ; which is ac the ntt 
rf abnut twelve million of miles in a minute. 

But the third and gneatei^ advantage derived from tbe ob- 
frivnrion of thefe eclipfes, is the difoovery uf the longitude of 
uiff-rent places on the Earth : for having liie ditfercice of time 
1 ctiveen two obfervations of the fame eclipfe, taken in twa 
•MfFerent places, we have the difl'erence of longitude between 
r.ie two pl.i:cs. For example, fuppole ilierc be two ob^ervcn 
i>f ail eclipfe, the one at London, the other a: Barb^nloct, 
the eclipfe will appear at the iame nnxnent of rvw/ time itt 
t:rh pcrftni ; but being under Jifiereni meridians, th« bour 
''f :!^e day will be diiTerent at cadi place; tha*, if it be i a 
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•VbdL at noon at Londoo, h will be 6 o'clock in the morn- 
ing at Barbadoes, by which the obfervers find the difference 
of longitude between the two 4>lace6 to be iixty degrees, or 
four bonri in time. 

The pfanet Sattirn Yofi feven fate1]ite», the fixth and 
fetenth of whkh were difeovtred by Dr. Herfchcl, in the 
years 1787 and 1798. Their periodsi diftances, &c. have 
been delcribed in the laft Sedioo. 

The Georgian plandt, or Iferfchel, is nlfo found to have 
fix fattlHtes revolving ronnd him, like thofe of Jupiter and 
Satmn. Thcfe fatcHiic* were diicovered by Dr. Herfchd, 
for which f<:e the bft Se6Hon. 

Thefe are the only primary planets which we are certaiti 
are attended by fatdlites. Some ailronomers have imagined 
tliey difcovcrcd a iatellitc belonging to Venus ; but the many 
repeated obfervation^ which have been made by others to 
obferve it, and without cSMf leave us room to fufped they 
were deceived. 
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SECT. III. 



OF TBS WtXMt> STARS, 



' Thk fixed ftar% geneiaUy denominated Jiars by way of 
icminenQe, are thole heavenly bodies which ufually keep the 
>ftflK diftance with regard to each other. All the bcaveoly 
bodies, ejBcepc the primary and fecondary planets, pud 

cornet^ are of tbu dbik. 

The 
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The dillances of tiie fixed ftars are lb grea% that we hava 
DO didance in the planetary fyfiem with wluch we oan com- 
pare them ; for the diameter of the £aith's orbit, whidi ia 
nearly 1909000,000 mi'es, bears no lenfible propoitioB to 
the diftance of the nearefi fixed (lar from the Earth. 

The diftances of the fisud ft.ire have been the fubjiA of 
inveftigation to fereral aftronomert. Varioui mcthodi have 
been devifed for the purpoie of di&overing the diftaoces of 
thefe heavenly bodiei, but without fueceft| on artoimt of 
their almoft infinite diftance ; tHe moft accurate ohlen>atioiia 
only give us a diftant approximatiou ; but by the beft ob- 
fervationii however, we can (afely conclude that the nrareft 
fixed ftar is upwards of forty thoufimd diameten of the 
Earth's orbit diftant from us, or eighty thoufiud times far* 
ther didant from us than the Sun is* 

The magnitudes oi the fixed flars appear very diCferent in 
different fiars, owing, in ibme fort, to their leal nagnitoda^ 
which are different, but principally owing to their diflbvot 
diftances from us. 

The ftars are generally divided, according to their appa* 
rent magnitudes, into fix, and byfome into eight claflea. 
The firft dafs, called ftars of the firll magnhnde, are thofe 
th.it appear largeft : flars of the fecond magnitude appeat 
f(imev('hat Icfs ; and thus every following d.ifs oompreheada 
thofe fiars next in fize to the former cUls: the ftara of the 
fixth magnitude containing the fmiUeft ftars vtfible to the 
naked eve. All others that cannot be perceivel^ bu: by the 
help of telefcopes, are called teleicopic fiars. It is not to be 
inferred from hence that Nature hu divided the ftars into 
tlioie cLtfles ; for there are almoft as many clafles as there aie 
ftars, fo great ib their variety of mai^nuude and biii{htnefs! 

The number of ilars it alfo very giear, and appears fo 
be atirioft infinite; butaftronomtrs hive deduce. d ail ihit 
are viiible 10 the naked eye into catalogues. Mr. FhunAead 
reduced ;)ooo iiars into a catalogue, which contains all thai 
ai e viiible to the naked e\x at any time of the jrcari Md a 
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petT number tbtt are only vifible through a telefcope. The 

nnniber of ilan Had are vifiUe at one time, in the cleareft 

heaveiH feldom caceedi 1000 ; their appearing fo much more 

numerout ariles from their twinkling, and from viewing 

them ooirfuiediyf wkhoat feductng them into any order. 

But a good telcicope willi ocrertheiefsy bring great numbers 

to our Ticw I and the more the magnifying power of the 

telekope n iocrcaiiBdy the greater will be the number of 

flan difoovcred ; till the namber becomes 10 great as to baffle 

oar compntntioa. 

Fmm the great di^nce of the (lars, we are at a lofs to 

discover many of their properties ; but from their pheno- 

inena we can with certainty deduce die following theorems 

concerning them :— -i. That they are much greater than oiv 

earth ; tar» if that were not the cafe, they could not be vi6ble 

at luch a diftance.— a. They are fiutber didant than the moft 

diftant of the planets ; for we often find them hidden behind 

the body of the planets. — And, 3. They (hine with their own 

natural light; for though they be much farther from the 

Sun than Saturn is, and appear much fnoaller to us, yet they 

Ihine much brighter than that planet. And it is kiuiwni 

that the more the teleicope magnifies, the lefs is the angle 

under which the fiar is feen ; becaufe the telefcope deflroyi 

»U the adventitious rays. Thus a telefcope magnifying aoo 

times will ihew a ihir lefs in magnitude than it appears to 

the naked eye, inibmuch, that it will appear to be only an 

indififible point. 

From hence we conclude, that the fixed (lars are fo many 

Suns; and that, in all probability, they are not much fmaller 

than our Sun, but perhaps larger. 

Therefore, it is generally beliared that every (lar is the 

ccoctv of a fyfiem, and has planets revolving round it in 

the fame manner as the Earth and the other primary planets 

revolve roupd the Sun ; for oi|r Sun, together with the orbits 

of all the planets, would be almoft invifible from the nearefi 

fixed (lar. 

To 
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To imagiue that the (Urs arc fornu:d only to afford ift a 
fniiit lightt would be abfurd, as we have UKompaFablj mon 
l:;:ht from ihc JMoou thaa from all the fixAd .Aara taHuA 
together. 

The fixed Cars have two apperent motioM j OMoUed 
the firft, cuoAinon, or diuraal iiM^tiot^s tlw «thcr called tha 
iccoiid or proper motion. Tha fofincr of tbefit tnocioM 
arifcs from tlu: £arih*s ayotwn round ifr aoth | bf mkkh tba 
liars appear to be carried ronod the Earthy ieom aft ca 
^cft, ill I he fpace of 24. hours. The latter is tiac i g otkwi 
by which tliey uppiaj* to go backwardi froni weft to cafi 
round the poles of the ecliptic with a very fbv nMliaat 
deicribing only one degree of a circle in the fpace of yrl 
years. This apparent motion is owing to the |H'eoeANl 
of the equinoxes ; or, in othei wY)niSy the azai of the Eanh- ia 
direcUd to different parts of the heavcn« every year, 
bing a circle, one degree of which it defcritset in-^lf yi 

I'he Zo/iiac is aa imaginary ring or lone id t^e beavena^ 
in the fpace of which all the primary phnets retobc in ibcir 
orbits : its brcadtli is made different by diiienent ilb'ooo^ 
mers, but is from eight to ten degrees on each fide Ae 
ecliptic ; and is divided into twch'c parts, called' the Twtht 
Signs of the Zodiac, and each iign is fubdivided 101*30 
degrees ; the degrees are each again divided kMo miaon^ 
feconds, &:c. But as the ftars ba\t a motioo fitNii weft la 
eafl, thefe conftellations, or (igns of the Zodiac, do bqI 
now correfporid to their proper figns, for the feroal aquioaK 
formerly happened when the Sun wa^ in the firft degree of 
Aries, and the Earth in the oppofite degitc of die Zodhfi 
rr tirft degree of Libra ; whereas now, the Sun has advaaoad 
a whole fign from that pohit at the Vernal Equinox. 

The twelve figus of the Zoduic are diilinguiAied by tha 
lOilowing names and characters, viz. HP Arits^ tt 
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j^V^ t Sapttarimf V Cafricomus^ SS Aquarius^ H Pifcet : or^ 
•ocording to the Englifh names, the Ram, the Bully the 
Twfns, the Crab^ the Lion, the Virgin, the Balance, the 
Scorpion, the Archer, the Goat, the Water-bearer, and the 
Fiflies. 

Befides thefe conftellations in the Zodiac, the ftars in 
every other part of the heavens are reduced into coufiella- 
tions of feme certain figures, to which it is fuppofed each 
fet of ftars bears fome refemblancc. In the northern hemi* 
iphere are % i conftellations, of which the following are the 
names : — the Little Bear, Great Bear, the Dragon^ Cepheus, 
Bootes, the Northern Crown, Hercules, the Harp, the Swan, 
Caffiopeia, Perfeus, Auriga, Serpentary, the Serpent, the 
Arrow, the Eagle, the Dolphin, the Horfe, Pcgafus, Andro« 
meda, and the Triangle. In the fouthem hemifphere are 
25 conftellations, viz. the Whale, Orion, the Eridanus, the 
Hare, the Great Dog, the Little Dog, the Ship, the Hydra, 
the Cup, the Raven, the Centaur, the Wolf, the Altar, the 
Southern Crown, and the Southern Fifli. 

This divifion was introduced by I'toiomy, and to thefe 
Bayer added 12 more, about the fouthem pole, viz. the 
Peacock, the Tucan, the Crane, rhe Phoenix, the Dorado, 
the Flying Fi(h, the Hydra, the Chametion^ the Bee, the 
Bird of Paradife, the Triangle, and the Indian. 

To thefe, Mr. Royer has added 1 1 other conflellations, 
^2. the Giraffe, the River Jordan, the River Tigris, the 
Sceptre, and the Flower-de-Luce, being on the north. The 
following fix are on the fouth part, viz. the Dove, the 
Unkoru, the Crois, the Great Cloud, the Little Cloud, and 
the Rhomboid. 

Hevelius alfo added the following new conHcIlations, 
connpofed of fome unformed ftars, viz. the Unicorn, the 
Camelopardalis, the Sextant of Urania, the Dogs, the Little 
Lion^ the Lynx, the Fox and Goofe, Sobie(ki*8 Crown, the 
Lizard, the Little Trianglet and the Cerberus, to which 
Gregory has added the King, and the Armilla. 
Vol. IL H*h |t 
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It mud, however, be remarked, that fomc of thcfc coi>" 
ftellations introduced by Hevelius anfwer to fome of thofe 
of Royer ; as the Camelopardalis to the Giraffe, the Dog^ 
to the River Jordan, and the Fox to the River Tigris. The 
foregoing is the number of the conflellations as they ftaod 
at prefent ; but an attempt has lately been made by Dr. Hill, 
to introduce fourteen new ones ; they are, however, not ye( 
adliptcd by mathematicians. 

Befides the (lars in the foregoing conftellations^ there are 
a great number of {^irs not included in any confteJlttioo^ 
and therefore called unformed ibrs. 

The Galaxy, or Milky Way, is that long, white, lumi- 
nous tra£t which feems to eiicompais the heavens^ and ia 
eaiily feen in a clear night, when the Moon is not up. ft 
is of a confiderable breadth, aud in fome parts double. Its 
luminous appearance is owing to the great number of finall 
ftars with which it is every where befpangled, and which bgr 
a good teleicope may be plainly diicovered* 



Of Comets^ 

A comet is a wandering body, appearing fuddenly, and as 
fuddenly difappearing; and moves in its own proper orbit, 
like a planet. 

It is ufnally fumiflicd with a long train of light, called 
its tail, which is always oppodte to the Sun. Comets am 
divided into three kinds : viz ^anifii^ tailed^ and b^ 
comets; which dirifion arifes from the different fituation 
of the comet. Thus, when the comet is eaftward of the 
Snii, Hiid moves from him, it is (aid to be a bearded comet, 
bccaufc the light precedes it in the manner of a beard : when 
the comet is weftward of the Sun, and fets after him, it b 
f:iid to be a tailed comet, becaufe the train of li^ht follows 
It in the manner of a tail: and when the Sun and comet are 
in oppolition to each other, the Earth being between them, 

tht 
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the tnin of the comet is hid behind its body ; except tbe 
cxtmnicies of the traio, which being broader thin the boAy 
of the conne^ appear, u it were, round the edgei of it Uke 
a border of hair, from which it ■> called a hairy comec 

The ccmets make a part oF the folar fyfiem, and move ia 
elliptical oAitt, having tbc Sun in one of their foci, and 
defcribe ami proportianal to the limei of their mo: >[ ■* 
like the planeti. The rearoa why they fomecimci appear 
viGble, and fameiinKi nor, b the great eccentricity of ihdr 
orbits, which it veiy oaofidcrible, for when they are m that 
part of the orbit moft remote from the Sun, ihey are much 
beyond the orbit of Jupiter: 'nd in their perihelion they 
frequently delcead within the orbit of Mars, and Ibmetiinc* 
within thole of the inferior plaaeu. 



SECT. ly. 



OP SCUPtU. 



Ah eclipfc i» the priration of the light of one of the lu- 
aiinarifs by the inierpo6tioii of fome opakc body, euher 
ben\een the luminary «ad tbe eye, or between it and the 
Sun. 

The Jtrail** of an celipTe h the time of io continuance. 

The iamirfia; or mciJcncc of an ecliple, i» the moment 
when the ccltpie bcginaj or when part of the luminaiy firtt 
begins :i,' be o!)lcured. 

The emtrfaih w enpurpitioa of an cdip^ is the time 
Hb ft **»«* 
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when .he tdipied lumiDary begins to reappear, or cmergie 
out of the ibadoMT. 

The ^kiituTt, of an eclipfe, is the part of the luminary 
ec'ipfed. To determine this quantity, the diameter of the 
eciipfcd body is divided into 12 equal parts, called digits; 
and the eclipfe is fatd to be of fo many digits as are contained 
in that part of the diameter which Is eclipfed, 

Eii^fes are either thoi'e of the Sun, the Moon, or of Ibme 
of the fatellites, and are either /0/tf/, fartiai^ mmiuUmr^ cem^ 
traU tsff . 

A total eclipfe, is mrben the whole body of the luminary 
is darker jd. 

A partial eciipfe, is when only a part of the luminary- is 
eciipfcd. 

A central eclipfe, is when the centres of the two lumioa* 
ries and the Earth come in a ilraight line, and is adways 
total. 

An annular eclipfe, is when the whole body is ecIipfeJ^ 
except a ring or anoulus^ whicii app«. ars round the border 
or edge. 

Au eclipfe of the Moon, is a privation of the light of 
the Moon, and occafioned by the body of the Earth being 
dire£)I}- hetuivn t!:e 5^ tin and the Moon, and fc intercepting 
the Sur.'s r:}s, that they cannot arrive at (he Moon; confe* 
quently the Moon pafles through a part of the conical {hjckyir 
of the Earth, as feen in fg. i%^ plate 17, where DEC repre- 
fents the Eanh, and D G FC the conical findow thereof, in 
which is the Moon in an eclipfe. The dotted fpaces DGt^ 
and FCr, fliew thofe parts of the fliadow, called the /f- 
nu,n6ra, in which the Moon is deprived only of part of the 
Sun's light. 

An (. < lipic of the Sun, is an obfcuration of the Sun's body, 
ccrafirnr,! \y u\t Moon's coming between rhe Earth and the 
Sun, and ihu^ intercepting the light of the Sun frum usy 
on which account fomc have confidered it an eclipfe at the 
Earth. 

Tht 
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The folar eclipfe is reprefented fig. x i^ where m repre- 
lents the Moon, C D the Earthy and rmi9 the Moon'a conical 
IhadoMTy treveUmg over chat part of the Earth C^D, and 
cauling a complete eclipfe of the Sun to all the inhabitanta 
who reGde in the tra6t CD. The fpaces Qro and Di« 
include the penumbra, and all the inhabitants within thofe 
fpaces will perceire a feint (hadow of the eclipfe. 

Hence, an eclipfe of the Moon can happen only at the 
time of the full Moon, or when (he is oppofite to the Sun ; 
and an echpfe of the Sun will take place only at the time of 
a new Moon, or when the Moon is between the S^n and 
Earth. 

From hence fome may imagine that t^iere may be two 
eclipfes, viz. one of the Sun and another of the Moon^ 
in eveiy lunation, which would really be the cafe, if the 
Moon moved in the fame plane with the ecliptic ; but tbe 
orbit of the Moon not being in the plane of the eclipCiCi 
but inclined thereto in an angle of 5 degrees 3$ minntet, 
and paffing through the plane of the ecliptic, it mud necef- 
iarily follow, that an eclipfe can only take place when the 
Moon is near that part of its orbit which palTes through the 
plane of the ecliptic. Thefe two oppofite points where 
the Moon's orbit interfe^s the ecliptic, are called its Nodes. 
That point where the Moon aiceods from the fouth to the 
north fide of the ecliptic, is called the afcending n^de^ or 
dragon*s head, and marked 3 ; and the oppofite pointy 
where the Moon defcends from the north to the fouth fide 
of the ecliptic, is called the defcending node^ or dragon's tail^ 
and marked 3 ; and a line drawn from one node to the 
other, is called the line of the nodes. Thus, if (fig^ 13I 
ahcd be the orbit of the Moon, and eg the ecliptic, the 
points a Cy where the orbit cuts the ecliptic, are the two 
nodes, and the dotted line ac the line of the nodes. From 
a view f the figure, it is plam, when the full or new 
yoon happens when the Moon is at the points for df there 
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cao be no edipic, the flmdow of the Mono or Eaith falling 
cither above or b^low the other lufiinaiy ; but when the 
foil or Dcv Mooa is at the points a or c^ or within 17 de» 
grccft of thele poicta, there will be an eriiplc of one of ths 



la order 10 calcniatc an ecHpfe* it is aeoefiij to hnoir 
how to take die parailax of the Sun, or aof hcwrcnly bodj } 
as alio to take the paruiadic angle* 

The paralLdu: angle, called alio the fmraUsify is the ngb 
EST (£g. 1, fUtf i2\ made at the CLOtre of a ifau*, or 
cihiT bjcies, by two lines, one dntwn £roni the centre of 
the Ear:h T, an J the other fom its furface E; or, which is 
the Tame thing, it is the difference of the two angles C B A 
andBTA. 

Parallax is an arch of the heaTem tntocepted between tho 
Une and apfxireot pboe of anj ffar, or heavenly body. 

The true place of a Har, S, is that point of the hearens, 
B, where it would be ieen by an obferror placed in the 
centre of the Earth T : and the apparent place of the fame 
flar, is the point C in the heaveni, where it would appear 
to an obfimrer on the furfixe of the Earth, at E. This 
difference of the two places of the fame fiar is the parallax^ 
fometimes called, for diiUnftion lake, the parallax of altitude ; 
and is an angle formed bj two nfual rapt the one drawn 
from the centre, and the other from the ctrcumfefcoce, of 
the Eatth, aqd traverfing the body of the ihir ; the meaibra 
of it be'mg an arch of a great circle, bteroepted between tfat 
points of the true and apparent pbces, B and C. 

The parallax BC is alio the difference between the trae 
diftance of the ftir from the zeoitfa A, and the apparent 
Pittance A C. Hence the parallax diminiihes the altitude of 
a itar, or increaiies iis diftance from the zenith. 

The parallax is greatell in the horizon, which is theneiiiic 
cailed the hurizonial parallax, as B F T. From the borizoo 
the parallax decreafes all the way lo the xenith A, where thtf 
Uue and apparent places of the flar coincide. 

The 
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The pmraiiax of ibe aMmuai orhit #/ the Earthy il the angle 
vbder which the femidiamstcr of the Eanb's orbit it ieeo. 

To £iid the parallax of a celofkiai body, obferve when th* 
bodjf it in the fiunc vertical line with a fixed ilar which it 
ttear it ; and while it it in that pofitioo, meafnre its apparent 
£(bnce from the Aar ; then obferve when the ftar and bodf - 
aic ^ equal akittides from the horizoni and there meafure 
their dilbnces again, and the difference of theie diftanoet 
will be the parallax. 

The Afir^nwKMi of EeV^fes. 

To calculate a lunar edipfe it is neceflary firft, to find the 
lenj^h of the Earth's conical fhadow, which may be found 
by finding the diftance between the Earth and Sun, and the 
proportion of their dianieters. Thus, fuppofe the femi- 
axii of the £arth's orbit to be 95,000,000 miles, and the 
eccentricity of the orbit 1,3771000, which, added together, 
make 96,377,000 miles, or 24,194 femidiameters of the 
Earth ; and the Sun's femidiameter being to that of the 
Earth as 1 12 to 1 ; then, as A D is to 6 £, fo b D B to £ C 
(/^. a), that is, as im is to i, fo is a4r94 to 218 femidia- 
meters of the Earth, equal to £ C, the length of the Earth'a 
fliadow. 

To find the apparent femidiameter of the Earth's £hadoW| 
in the place where the Moon paffes through it, add together 
the parallaxes of the Sun and Moon, and from the funi 
fubtra£l the apparent femidiameter of the Sun, and the re« 
oaainder will be the apparent femidiameter of the (hadow at 
the place where the Moon pafies through ir, 

Noif. The Sun's parallax may ytry well be omitted in 
this calculation ; and the a|q)arent feoiidiameter of the 
fliadow increafed by adding one whole minute* 

It is alfo neceflary to have the true diftances of the Moon 
from the tiode at the mean oppofition ; aUb the true time of 
the oppofition, with the true place of the Sua and Moon 

reduced 
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reduced to the ecliptic, and the Moon's true latitude at tne 
time of the true oppofition ; likewife the ang!et of the Mooil*» 
way with the eclipqci and the true bonuy mocioof of the 
Sun and Mooni froin which everj particular oonetnnog 
the edipfe may be cooiputed by oommoo arithmettc and 
trigonometry. 

The method of confirufting an eclipfe of the Moon ii at 
Ibllowi : — Let EW (fig. 3) reprefcnt a part of the edipticy 
C the centre of the tranfvei fe fc^ion of the Earth's ihadoir. 
Draw the line C N perpendicular to the ecliptic, and 
towards the norths if the Moon have north latitude; but if 
ihe have fouth latitude, draw a line C S. Make the angjle 
NCD equal to 5 degrees 3$ minutes, which is the angle 
the Moon's orhit mikes with the ecliptic. B\Mt this 
angle by the right line C F, and in thi^ line the true equal 
time of oppoiition bet«vceu the Sun and Moon falls by the 
tables. 

Take the Moon's lafttudc at the true time of fiill Moon 
from a fcale of equal par'«, whicii is fuppofed to rtprefent 
minutes of a degree, and fet this diftancc from C to G 00 
the line CF. Through the point G '-raw a line HI at 
right angles to C D, which line reprcfents a portion of the 
Moon's orbit. Then L is the point where the Moon*s centre 
is at the middle of the eclipfe ; G the place of her centre it 
the tabular time of her being full ; and K the point of her 
centre at the inftant of her ecliptic oppoiition ; I b tbe 
Moon's centre at the moment of her immerfion, and H ber 
centre at the end of the eclipfe, or emerfion. 

From the fame fcale take the Moon's femidiameter, and 
defcribe three circlei on the points I GH, which reprefeoC 
the Moon in the beginning, middle, and end of the ecliple* 

Then, to find the length of time or the duration of ito 

eclipfe, meai'ure the line I H on the fame fcale, as iay^ M 

ihe Moon's horary motion from the Sun is to H J, ib is ooo 

lk>ur, or 60 minutes, to the whole duration of the eclipfe. 

4 Fma 






From the above figure the ecJipfes may be computed, 
t'or, firft, in the right-angled triangle CGhf right-angled 
at L^ there is given the Jiypothenufe CG, which is the 

_ • ■ 

Mooo'i latitude at the time of the full Moon : alfo we have 
the aogle G C L equal to the half of ^ degrees 3 5 minutes, 
Wherefore the legs C L and G L may be found. Secondly, 
in the right-angled triangle CLH, or CLI, are given the 
kgs C L, and Cti or CI, which latter is the fum of the 
iemidiameter of the Moon and the Earth's fhadow ; there- 
fore LH or LI may be found, which is equal to half the 
^ difference of the motions of the Sun and MK.>n during the 
cclipfe. Thirdly, as the ditfercnce of the horary morions of 
the luminaries is to omc hour, or lixiy minutes, fo is H L to 
the femiduration of the eclipfe ; and lb is G L to the difTr* 
cnce between the oppoiition and mui Ic of the eclipi'e. Thi« 
lad, therefore, taken from the time of full Moon, gives the 
time of the middle of the eclipfe ; from which, fubcradting the 
time inXl, before found, gives the beginning of the eclipfe; 
and, added to the fame, gives the end of the eclipie. 

Lafily, from C O, the femidiameter of the Earth *s fliadow, 
fubtra^tCL, and the remainder LO, added to LP, gives 
O P, the quantity edipfed. 

A lolar eclipfe, or an eclipfe of the Sun, would be difco* 
vered in the fame manner as a lunar eclipfe, if the Moon 
had no fenHbie parallax; but as the Moon has a parallax, 
the method is fomewhat different. 

1. Add the apparent femidiameters of both Sun and Moon 
together, both in the aphelion and perihelion, which gives 
33 minutes 6 feconds for the greateft fum, and 30 minutes - 
31 feconds for the leaft fum. 

2. As the parallax diminiihes the northern latitude and 
increafes the fouthern, let the greateft parallax \i\ the latitude 
be added to the former fums, and alfo fubtra^ted from thems 
thus may be had, in each cafe, the true latitude, beyond 
which there can be no eclipfe. Having this latitude, the 
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Moon's diftancc from the nodes is found in the feme manner 
as for the lunar eclipfe. 

To find the digits eclipfed, add the apparent femidia- 
meters of the luminaries together, from which fublraA thfe 
Moon's apparent latitude ; the remainder is the p^rt of the 
diameter eclipfed. Then fay, as the femidiamcter of the 
Sun is to the fcruples eclipfed, fo are fix digits reduced into 
fcruples (that is, 360 fcruples or minutes) to the digits 
eclipfed. 

To determine the durntion of a folar eclipfe, find the 
horary motion of the Moon from the Sun for an hour before 
the conjunction, and for one hour after it. Then fay, as 
the former horarv motion is to the fcconds in an hour, fo arc 
the fcruples of half the duration to the time of immerfion ; 
and as the latter horary motion is to the fame number of 
feconds, fo are the fcruples of half the duration, to the time 
of emerfion. Then adding the times of immerfion and cmcr- 
fion together, the fum is the whole duration. 

To find the beginning, middle, and end of a folnr eclipfe, 
find the arch G L from the Moon's latitude, for the time of 
conjun61ion. Then fay, as the horary motion of the Moon 
from the Sun before the conjunction is to one hour, fo if 
the diftancc of the greatcll darknefs to the interval of time 
between the i^reatcft darknefs and the conjunction. SubtraCl 
this interval in the firft and third quarter of the anomaly 
from the time of the conjunction, but in the other quarters 
add it to the fame, and the refult is the time of the greateft 
darknefs. Laftly, from the time of the greateft darknefs, 
lubtraCt the time of incidence, to which is to be added the 
time of emcrfi.>n ; the difference in the firft cafe will l)e the 
bL'ginning, and the fum in the latter cafe will be the end of 
the eclipfe. 

To calculate eclipfes of the Sun, it is ncccflary, firft, to 
fit'.d the mean new Moon, and from thence the true one, 
with t!ie place of the luminaries for the apparent time of 

the 
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the true new Moon. — 2. For the appaient time of the true 
pew Moon, compute the apparent time of the new Moon 
obferved. — 3. For the apparent time of the new Moon feen, 
compute the latitude feen. — 4, Thence determine the number 
of digits eclipfed. — 5. Find the times of the grcateft darknefs, 
^meriion, and immerfion. — 6. And from thence determine 
the beginning and ending of the eclipfe. 

From this it is evident that the trouble in the calculation 
of ecJipfes arifes from the parallaxes of longitude and latitude, 
without which the calculation of folar ecUpfes would be the 
(ame as tbofe of lunar ones. 



SECT. V. 



OF TIME, 

TiMB is a mode of duration marked by certain periods, 
neafures, and motions ; and the chief method we have 
of meafuring time is by the revolution of the two lurni- 
nariesy the Sun and Moon, but particularly that of the 
Sun. 

Mr. Locke obferves, that the idea we have of time is 
acquired by confidering any part of infinite duration, as fet 
out. by periodical meafures. The idea of any particular 
time, or length of time, as a day, an hour, &c. is acquired 
by obferving certain appearances of fomc bodies, moving 
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W'h a I gular motion, and at regular and iecming equU 
diltant periods. Now, by being able to repeat theie lengths 
or meafuret of time ai often as we pleale, we can imagine 
duration where nothing really endures or exifti, and thus wo 
imagine to-morrow, or next year. Sec. 

Time is a io the duration of a thug which has both fl 
beginning and an end, and in this fenie ii is didinguiChed 
from eternity. 

Thus, rme is the duration of fome modon ; for without 
fome reg'ilar and uniform motion we (liould have no me- 
thod.» to compute time, or diftinguiih it from eternity. 

Time may be divii'ed into ahfoiuu and rtlmivotm 

Abfolute time is time confidered in itfelf, and without any 
relation to motion. 

Relative or apparent time is the fenfihle meafure of any 
dur.ition, by meant oi motion^ as, by the nxxioos of the 
luminaries, the hands of a clock, watch, dec. 

Relative time is fubdivided into qftrcn§mcsl and cML 

Aftronomical time is that which is meafured by the mo« 
tions of the heavenly bodies. 

Civil time is formed for civil purpofes, and difiinguilhc4 
into years, roon«^hs, dayf, hours, &c. 

The ytar* in the full extent of the word, ii a fyflem of ' 
feveral months, or a fpace of time meafured by the revo* 
lution of lome celeftiai body in its orbit. Thus, the time 
in which the fixed Qars make one revolution is called fhe 
great year; and the times in which Jupiter, Saturn, ^tc. 
complete their revolutions, and return to the fame poim 
again, are refpe^ively called the years of Jupiter, Saturn, &c. 
For a year originally denoted 9 resolution, and is not limited 
to that or the Sun ; therefore we find fome ancient nations 
at different times called the revolutions of the Moon, or the 
fpace of a month, a year; which occaiions fuch flnD|e 
accounts in the chionolog}* of fome stry ancient natiooS| ai 
in thofc of the F^yptians, Babylonian?, frc. 

Th^ 
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The folar jear, called alfo ytmr by way of cm i n c acc, it 
that (pace of time io which the Sun moves through tht 
twelve figns ot the Zodiac. This jear^ by the beft obfer* 
Tattons, IS tound to contain 36J days 5 hours 48 minutei 
48 feconds ; but the quantity, according to the authors of 
the Gregorian calendar, is 365 days 5 hours 49 mi- 
autes. In the civil account, this year is faid to contan 
only 365 days ; and one day is added to every fourth year^ 
to make up for the odd hours, which is therefore called 
leap year. 

The ]u1ian year, fo named from Jnlius Csdar, who efbi* 
Uiihed it, cDnfiUs of 365 days 6 hours, which exceeds the 
true folar year by upwards of 11 minutes, which ezceb 
amounts to a whole day in near 131 years. And one day ii 
added to the end of February every fourth year, which it 
eoropofed of the odd fix hours eveiy year. This year is^ 
therefore, calJrd biflextile, or leap year. 

The Gregorian year, introduced by Pope Gregory XIIL 
in 158a, is the Julian year correded by this rule, viz. That 
inftead ot every hundredth year being a leap year, as it would 
be in the Julian calendar, in this way, only one hundiedth 
year out of four is a leap year, the other three being common 
yean. By thb omiffion of three days in every 400 years, te 
civil year would nearly keep pace with the fohur year for time 
fo come. 

Yet this year is not quite perfe^V, for, as in four centuiies 
Ae Julian year gains 3 days a hours 40 minutes, and as 
there are only three days omitted in the Gregorian accomH^ 
Aere is ftill an excefs of 2 hours 40 minutes in 400 yeaii, 
which amounts to a whole day in 3600 years. 

In the year i7ja this ftyle was adopted in England, and 
tbit eleven days were thrown out after the 2d of September, 
by accounting the 3d the 14th of that month. This was 
called the New Style, in diftinftioQ from the former, which 
If as called the Old, 

Tht 
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The folar year is cither aftronomical or civil. The aftro* 
nomical folar year is that which is determiaed precifely by 
ailronomical obfervations, and is of two kinds, viz. trffical 
AiidJUeral or afiraU 

The tropical or natural year is the time the Sun takes to 
pafs through the tweJve figns of the Zodiac, and is the only 
proper natural folar year, becaufe the feafons always fall ia 
the fame months. — ^The fideral or ailral year is the fpace of 
time the Sun takes in pafling from any fixed fiar till hii 
return to the fame again, and is ao minutes 19 fecondf 
longer than the true fular year. 

The lunar year is the fpace of twelve lunar mootbs, and 
is either aflronomical or civil. 

The lunar aflronomical year confifts of twelve lunar 
fynodical months ; and is, therefore, 354 days 8 hours 48 
minutes j{8 feconds, being 10 days ai hours 10 feconds 
(horter than the folar year. 

The lunar civil year is cither common or embolifmic. The 
common lunar year condfis of twelve lunar civil months, 
and contains 354 days* The embolifmic lunar year confifis 
of thirteen lunar civil months, and contains 384 dayf • 

The civil or leg-al year, in England, formerly began qa 
the 25th of March, or the day of the Annunciation of 
the Virgin Mary : but the hiftorical year begun on the iH 
of January. The part of the year between thcfe two tenss 
was ufually exprcflld thus, 1735-6, or 173 J. But accord- 
ing to the new flyle, the civil year now begins on the ift 9f 
January. 

The ancient Roman year, as firft fettled by the Romans, 
cont.uncd only ten months, and in all 304 days. 

Tlie £g)'ptian year, called alio the year of Nabooaflar, 
fiom the epoch of that name, contains only 365 da)*!, di* 
vi(!cd into twelve months of 30 days each, with five inter- 
cabry days added at the end. Tiius the Egyptian year k>(ct 
a V. hole d jy of the Julian year tstxy four years, and ift^jr 

the 
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the fpace of 1460 y^rs, it begins with the Julian year, 
which length of time is called the bothic Period. 

The ancient Greek year confided of twelve months, 
which at firfl were divided into 30 days each, but aftenvirdi 
each month contained 29 and 30 days alternately ; and this 
year was computed from the firft appearance of the new- 
Moon, with the addition of an embqlifmic month of 30 days, 
every 3d, 51b, 8th, nth, 14th, i6th, and 19th year, in order 
to keep the new and full Moons to the fame feafons of the 
year. 

The ancient Jewifh year confided of t-.velvc months, con- 
taining 29 and 30 cJnys alternately. To which were added 
eleven or twelve days to inr.ke it agree with the folar year. 

The Syrian year was the fame in quantity as the Julian 
year, but commenced in the begioning of Odober, according 
to the Julian year. 

The Perfian year contained twelve months, of 30 days 
each, with five inrerc;flarv days added. 

The Arabic, Mahometan, orTurkifli year, called 2K0 the 
year of the Hegira, confids of 3^4 days 8 hours 48 minutes, 
divided into twelve months, containing 29 and 30 days 
alternately; though fomctimcs it contains 13 months; and 
intercalary days alfo added every 2d, 3th, 7th, loth, 13th, 
15th, i8th, 2id, 24tb, 26th, and 29th year. The months 
commence wirh the fird appearance of the new Moon. 

The year is divided into t'.velve parts, called months, from 
the Moon, by whofe motions i: was regnlatc.i : the month 
is properly the time in wliich tl.c Moon padls thiou^h ihc 
Zodiac, and is of fcveral kinds : ns, 

1. ''T\'iC iilit7n:n,i!irje moiuby which is the interval between 
the appeMrnr: l el one new Moon and tiiat of the n:^xt; and 
always vaiici in tjuanii:/. This n*onih is ufed bv t";e Turks 
and Arabs. 

2. The lunar periodical months or the exaft time in which 
the Moon runs through the Zodiac, and coiifids of 27 days 
7 hours 43 minutes ruui S feconds. 

3. The 
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3. The lunar fynodiccd manthy called a lunation, is thtf 
time between two new Moons, as letn from the Earth, and 
confills of 29 days \% hours 44 minutes 3 leconds and it 
thirds. 

4* The foldr month is the time the Sun runs through one 
fign of the ecliptic, and con fids at a mean rate of 30 days 
10 hours 29 minutes $ feconds. 

5. The cMl or common month is an intenral of a certain 
number of whole days — fuch are the calendar itionths* 

6. The cMl lunar month conGfts alternately of 29 and 30 
days. Thus two of thefe months are equal to two aftrono- 
mical months, and the new Moon will be kept to the firfi 
day of fuch civil months for a long time together. This 
month was in mofl common ufe till the time of Julins 
Cxfar. • 

7. The civil folar montb^ which confided alternately of 
30 and 3 1 days, excepting one month which had 29 days, 
introduced by Julius Cxfar. But under Auguffus, the fixth 
month, till then called Sextilis, received the name of An- 
guftus, from thence called Auguft ; and one day more wis 
added to it, which was taken from February. This is die 
regular civil month in ufe in England. 

A week is a fpace of time containing feven days, and 
originated from the divifion of the lunar month into fijor 
parts. 

The divifion of the month into weeks was ufed by the 
Syrians, tg}'ptians, and mofl of the Oriental nations. The 
Roman week con lifted of nine days, and the ancient Greeks 
ufed decades, or a fvficm of ten da vs. 

But the Jews ufed the week of feven days. The days of 
the week they denominated, the firft, fecond, third, jEburth, 
fifth ; and the fixth day they called the preparation of the 
Sabbath, the Sabbath being the feventh day : and thu divi* 
fion is flill obfervcd by the Chriftians, Arabs, Perfians, 
Ethiopians, &c. 

The 
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The andeBt heachem denominated the days of the week 
bom the feven planets, calling each day after that planet 
which they AippoTed governed the firfl hour of the day. 
Thus, the firll day was called Dies Sol is, or Sunday, from 
the Sun ; the fecund, Dies Lunx, or Monday, from the 
Moon, &c. 

But our Saxon ancefiors^ before their converiion to Chrifii 
tjautty, named the days of the week from the Sun and 
Bfloon, and alfo from fome of their deified heroes, to whom 
they were peculiarly coniecrated, which names we ftill 
retain Thus, Sunday was dedicated to the Sun ; Monday 
to the Moon; Tuefday to Fuifco, or Mars; Wednei'day to 
Woden, or Mercury ; Thuriday to Thor, the Thunderefi 
or Jupiter ; Friday to Friga, or Friya, the wife of Thor, or 
Venus ; and Saturday to Seater» or Saturn. And the days of 
the week are often exprefled by modern aftronomers by the 
charai^lers of the planets, as, for Sunday, and ]f for 
Monday, &c. / « 

A ^ay is that fpace of time which arifes from the appear- 
ance or difappearance of the Sun, and is either natural or 
artificial. 

The natural day is the portion of time in which the Sun 
apparently performs one revolution round tl'e Earth ; that 
is, the time in which the £arth makes a rotation on its own 
axis. 

The artificial day is the time from Sun rifing to Suu fet* 
ting. 

The natural day is either aftronomica) or civil. 

The aftronomical day begins at noon, or when the Sun's 
centre is on the meridian, and, contains 24 hours to the 
following noon. 

The civil day is the time allotted for the fpace of a day 
in civil purpofes, and includes one entire rotation of the 
Earth on its axis. This day begins at different times 
in different nations : at Sun rifing among the ancient 
Babylonians, Perfians, Syrians, and oiofl other Eaftera 
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nations, and the prefent inhabitants of the Balearic Iflands, 
the Greeks, &c It began at Sun fetting among the andeot 
Athenians and Jews ; it is alfo ufed by the Auftrians, Bo- 
hemians, Marcomanni, Silefians, modern Italians, and 
Chinefe. With all modern aftronomers, and the ancient 
Umbri and Arabians, the day is begun at noon : and at 
midnight among the ancient Egyptians. Romans, and with 
the modern Ungliih, French, Dutch, Germans, Spaniardt, 
and Portuguefe. 

An hour is the twenty-fourth part, but fometimes only the 
twelfth part of a day. 

There are various kinds of hours, as, i. Eqoal hours, 
which are the twenty-fourth part of a natural day. They 
are called equinoctial houn, becaufe they arc meafured on 
the equico&ial ; and aftronoinical, becaufe ufed by aftrono* 
mers. a. Babylonifh hours, of which there are 94. equal 
ones in the* day, and reckoned from Sun rifing. 3. Euro* 
pean hours, ufed in civil computations, and are reckoned 
from midnight; 12 hours from thence till noon, and iz 
more from noon to midnight. 4. jcwifti, or planetary, or 
ancient hours, which are the twelfth parts of tlie artificial 
day, and the fame parts of the artificial night. They are 
called ancient or Jewifli hours, becaufe ufed by the ancients, 
and dill uied by the Jews : they are called planetary hours, 
becaufe ancient allrologers prctenfied that a new planet 
predded over every hour. 5. Italian hours, of which there 
are 24 equal ones to a day, reckoning from funfet. 

The hour is divided into 60 minutes ; and each minute 
into 60 fcconds ; each fecond into 60 thirds, &c« 

As time, for the purpofcs of chroiiolog)', is calculated by 
years, it is ncrtfTir)' to have fome ccrrain rtxed point of tiir.c 
from which calculations can be mode with rci lainty, whi.h 
iixed jMjint of time is cilled an rpoha^ or epoch. 

Different nation*: ufc diticrcnt epochs or aras ; the Chrif* 
tinns chirfly ufe that of the nativity of Jefus Chrill ; the 
Mahometans, that of the Hegiri, or flight of Mahomet; 
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the Jewsy that of the creatioo of the world, or that of the 
Deluge ; the ancient Greeks, that of the Olympiads ; the 
Romans, that of the building of Rome ; the ancient Perfians 
and AfTynsLM, that of NabonaiTar, &c. 

The doftrine and ufe of epochs is of great importance in 
chronology. And to find what year of one epoch correfponds 
with that of another, a period of years has been invented^ 
which commenced before all the epochs, and is a common 
fiandard of them all, and called the Julian period. To this 
period all the epochs are reduced ; that is, the year of this 
period when each epoch commences is determined. Thus^ 
adding the given year of one epoch to the year of the period 
correfponding with its beginoiog^ and fivm the fum fub* 
trailing the year of the fame fWod oorrefponding to the 
other epoch, the remainder is dft fear of that other epoch. 



Kk ATABLK 



OF ASTKONOMT. 



A TABLE 



Years of the moji remariabU Epochs, 



N. B. Tir yiit *.>rf Ck.ift, 4n iM *'/ 

le. 



a/ \il *[*, atil njmil^ 






un of the World 
The DtluEC, or Xoah'i Flood — 
Affyiiin Monarchy, founded by Nimrod 
Kingdom of Aihcni, fourided by Ccrropi 
Enlrancc of the Ifcaeliiet intoCinun — 
The Deflruflion dI Troy ~ — 

Solomon'* Temple founded — 

The Ari.inBuiic Eipediiion — 

'Rus luimcri li'.t Lawi — — 

Arbaccs, fiiA Y^vui of ihc Medes — 

Otymp«il<. of rhe (■recks burin — 

The l.oil.tiPT t* ""me — — 

€r« .rf Nibi n.iffiit — — 

niIlBj.'j)!i-iii(h r^rliviiy, bv Xthurhidni 
Stcoiul BjLylonilh Cspiiviiy, ami Bin 
«mn'i Temple deftcnyed — 

Cyrui bi'^n lo reijn in IJibylon — 

hluponnelijn K«i bc:in — - 

AteKander llic Creat <iicj — 

Capihityof irr'.rro Jcn', bj- Ptolomy 
' ' inie.ln i.i!leil ai Sy 

.Ca;rirui',ailr.l Hi. 



6 Wl 
J It* 



— — '4406 ;h>0 



Their 



irift'. Bin 



DT ABTRONOUT, 





1 


?1 


i* 


n, CiriJl-MM Mra. 


.5 


|i 


|3 




ji_ 






Konyfian, or »ulgir ^ti of Cbiift'» Biiih — 


47'j 


^ 





Chrift crucified, Fiiil»y, April jd — — 


47+« 


¥>V 


33 




47Bi 


4077 


?B 


Adilu't Will built in Bniab — — 


i&li 


4.1*7 




IDioctclian Epoch of Manyis — — — 


4^-97 


+iyi 


!»4 


TlioCouncaofNice — _ — _ 


JOJB 


■*ii» 


J'S 


Conflaniioe ihe Gteal ditd — — — 


JOjC 


4344 


357 


mtSaioiHiHTiiedirtoBiiwia — — 
Hosi[». or Fli«hi of IWahomct — — 


5' 58 




6n 




+619 


The Deith o( Mihomti _ _ — 


SH- 


4'ij: 




The Perfiui Yddcgiid — — — 


5i+4 


4.6JB 


6}i 


rhe Moon, mil ul ihe Primuy Plincis, feeo in the 








Signtibr.. f.ora ihcEiiO. — — 


;8?s 


5'9) 


11S6 


ill of Priming difcmetcrt -* — — 


6ISJ 


S-t+7 




rhe ReformMion brguQ by Mittin llltbet ~ 


Sijo 


55 M 


'i'7 


ni« Calendir cuncfled b^ Pope Ortgoiy — 


5ig; 


5SS. 


■ SBi 


Sir Ifuc NcAitin botn, DeccmlKr 151b -- 


*J5i 


5649 


1641 


Olivei Cumwcll .tied — — — ~ 


6J7 


5665 


165* 


Sir 1. Newioa made Prelidinl of Ihe Royal Society 


t.+i6 


S?'" 


'703 


Died Much loih _ _ _ 


6440 


J 734 


'717 


The Ntw Planet difcoveted by Dr. Hericbel — 


6494 


s;s8 


.;8i 


The Ceres it Feidmand dircoieied by M. Pia/ii 


651415801! 


1?0I 



254 O' ISTRONOMT. 



SECT. VI. 

OP ASTRONOMICAL PROBLEMS, AND THB VSS OF 

THE GLOBES. 

The celeftial globe differt from the terreftrial one ia 
baviog the Images of the conftellationt and figwet of 
the ftars upoo it, inllead of the feveral parts of the Carth. 
The meridian circle drawn through the poles and (he point 
Cancer reprefents the folftitial colure ; and that meridiaOf 
drawn through the point Aries, reprefents the cqaino£dal 
colure. 

PROBLEM I. 

To exhibit a true Reprefintation of the Face of the 
Heavens for any given Time and Place. 

Re^fy the globe for the latitude of the place (as taught 
in Geography), placing the north pole of the globe towards 
the north pole of the world. Having found the Sun's place 
in the ecliptic, and brought it to the meridian, fet the index 
to 1 2 o'clock at noon ; then turn the globe on its axis till 
the index points to the given hour. In this pofition the 
globe exactly reprefents the face of the heavens as it appears 
at that time ; every condellation and fiar in the heavens 
correfponding in iituation to thofe on the globe. 

PROBLEM IL 

To find the Declination aiid right Afccnjicn of any S/or* 

Bring the ftar to the brazen meridian ; and the number 
ot degrees on the meridian lietvecn the equator and the fiar 
is its declination ; and the degree of the equator, cut by the 
meridian, is the right afcendon of the liar. Thus the ri^ 
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sfcenfifin of any Aar ii an arch of the equator, iatercqiied 
betwMn the firfl degree of Arin, and that point where tbr 
jQCrkiiao or circle paffing through the ftar cuts the equator. 

PROBLEM III. 
To find the Latitude and Longitude of any Star. 

Bring the rolllitial coltire to ihe meridian, and then fix 
the quadrant of altiiude over the )>ole oi the ecliptic, in the 
l«me hemilphcre with the ftar, and binng its graduated edge 
to tbeA.tr; ihcn the degree on the quadrant, cut by the 
ftar, is its latitude, counted from the ecliptic; aiid the 
degree of the ecliptic, cut by the quadrant, if the flar'a 
longimde. 

PROBLEM IV. 

To find the Place of any Star or heavenly Body, having 
its Declination and right Afcenfion. 

Tindth« point of tight afcenfion on the equinoflial by 
Problem 1). and bring it to the meridian ; then count the 
^greei of declination upon the meridian from the equi- 
noftial, and there make a mark upon the globej which will 
be the place of the fiar, &c. 

PROBLEM V. 

To find the Place of a Star, Planet, Comet, Sfc. 
having the Latitude and Longitude, 

Bring the pole of the ecliptic to the tDcridian, and there 
fix the quadrant of altitude, which turo round till iti edge 
cut the given longitude on the ecliptic i then couitt the given 
btiiudc friMn the ecliptic upoo the quadrant of altitude, 
vmI there make a mark upon the globe, which will be the 
|>Ucc of the ftar, planet, tec The place oF mj Aar, pla> 
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net, &c. being found by this or the fore|roiDg Problem, its 
rifing, fetting, or any other circumftance concerning it, 
may be found by the proper Problems, as thofe of the Sun 
are found. 

PROBLEM VI. 

To find the rifing^ fetting , and culminating of a Star, 
or any cele/lial Body, and amfequently its CoHti- 
nuance above the Horizon for any Place ^nd Dmy ; 
aJfo its oblique Afenfon and Defcenjion, with its 
eaftern and wejlern Amplitude and Azimuth, 

Adjuft the globe to the ilate of the heavens at la o*ck>^ 
at noon on the given day ; bring the Aar. &c. to the eaficrn 
lide of the horizon, which will give irs eaftern ampliiude 
and azimuth, and the time of riiing ; as for the Sun. Again, 
turn the globe till the fame ftar comci to the wefiern (ide ef 
the horizon ; fo will the weilern amplitude and azimutfa, 
with the time of fetting, be found. Then the time of rifing 
fubtra<!lcd ivom that of fetting, leaves the continuance of the 
flar above the horizon'; which, fubtr:'.6led from 24 bour*, 
leavcii the time it is below the horizon. Laftly, bring the 
ihir to the n.eridjjn, and (he hour to which the index chea 
points is the time of its cuhr.inating, or fouthing. 

PROBLEM VIL 

To find the Altitude of a Star, &c, for any given 

Hour, 

Adjuft the globe to the poficions of the heaven*, an \ lorti 
it till the index point to the given hour; then fix tbt qi»-' 
dnint of ahiiude at 90 degrees from the horizon, and 
ii. to ilic place of tlie liar: then the degrees of the quad 
intern p\' 1 between the horizon and the ftar will be t 
a!:itude fu'jght. 

FROBL 
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PROBLEM Vlir. 

Having the Altitude of a Star by Night, or the 
Altitude of the Sun by Day, to find the Hour of 
the Day or hight. 

Redify the gtobe as in the foregoing Problem, and turn 
the globe and quadrant til] that degree of* the ecJipric where 
the Sun is, or the flar itfelf, cut the quadrant in the given 
degree of altitude ; then the index will point to the hour 
required. 

PROBLEM IX. 

Having the Azimuth of a Star, or tlie Sun, to find 
the Time of the Night or Day. 

Redify the globe as before, and bring the quadrant to the 
given azimuth in the horizon ; then turn the globe till the 
ibr or Sun come to the quadrant, and the index will then 
(hew the hour of the night or day. 
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e^-^ or ASTRONOMY. 



AN EXPLANATION 



OF THE 



Princifal Terrrs ufed in Afironomy* 



J^'s-'. ceniir. periods of time from whence cbitmologers 
sr.i iibxr...r.ur^ b ^'t their computations. 

J.::z^j:^ the Lcight of the Sun, Moon, or ihrs abore 
tr.e horizon, and it is always reckoned upon a vertical 
c.r:!e. 

jtrifl't^Ji^ ^•\ arc of the horizon contained befwem the 
e.'il cr wci} p^ii: t i«f the heavens, and the centre of the buxii 
or 3 iUT^ at the time o:' its riBng or fetting. 

A'cnj(\ (rnit), the diflance of a planet in figns, degrees^ 
&:c. rn>n; that point ot its orbit which it the fanheft from 
ti^e >':n. 

.7...-r.T:'» (mean), is rhst which nould take place, if the 
p inet n oved unii'crn I\ in the circuoifcr fence of adirde. 

Ar.'f.eif.tia, the rroiion of any heavenly body when it 
i> ccn:rrir\ to the oidcr of the fignl,^aSj through Aries, 
T-u^us, Gtir/ini, &:. towards Pikes, &c. 
^ -rtr-V. -••:, rha: point ir. the orMt of a planet which is the 
l^rr.it: i:iii.ir! rVom she Sim. 

.V*»^ ^fn, x\:,i po:"t in ihe orN? rf a p'anct, in which it is 
a: i : i grcaic ft ».; : :Ur ce I . : m : : . f i- s ; : i: . 

JfJ.ui^ ihj ;vc pji:i:» ii: the nriit of a p':anet, which are 
iti i;iwjiefi ir.J lc-:l v-.i^mcc l'i.^;i\ ihe Sun ; the line joining 
i:.\i po'n:> ij c?.'.;». J :!ic line of ti.c apfidcs. 
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Armillary J^bere^ an inftrument having the principal cir^ 
cles which are 'usually draun.upon the artifici.il globe. 

Afcenfional differtnce^ an arc of the equino^ial contained 
between that point of it which riles with the Sun, Moon, 
or ((ar, and that point which comes to the meridian with 
them ; or it is the time the Sun rifes or fcts before or after 
£x oVlock. 

Atmolpbere^ that colle^ion of vapours, or body of air^ 
that fur rounds the Eanh. 

Jxis^ of the Earth or any planet, is an imaginary line 
palling Through the centre, from one pole to the other. 

Aximuthsy great circles palling through the zenith and 
nadir, and they are perpendicular to the horizon. The 
azimuth of any celeAial obje^ is an arc of the horizon, 
contained betireen the eafl-or weft point of the heavens, 
and a vertical circle paifmg through the centre of that ob- 
jea. 

BiffxtiU^ or Uapyear^ every fourth year, fo called becaufe 
the Romans reckoned the (ixth day of the c&lends of March, 
in tiiis year, twice over. 

CarMnai points^ the Eaft, Weft, North, and South points 
cf the compals. 

Cardinal points of the ecliptic, the firft points of the figos 
Aries, Cancer, Libra, and Capricorn. 

CentrifuoalforcCf that force by which any body, revolving 
in a circular orbit, endeavours to fly off from the centre of 
notion in a riglu line, or tangent to the circle. 

Centripetal force, that force which attra(5ls any heavenly 
))ody towards the centre of its orbit, and which, together 
with the centrifugal force, preferves the body in the proper 
path of its orbit. 

ColureSf two great circles or meridians, one of which 
pafles through the folftitial points Cancer and Capricorn, 
and is called the folftitial colure ; the other pafles through 
the e^inoAial points Aries and Libra, and is called the 
cqninoAial colure. 

ConjunHioti^ 
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CaHJ)t;i^uc'h i^ ^1^*^° two liars or planets, fcca from the 
Sun cr Ecrth, ai>pcar in the fame point of the heaveoK 

Confiellatiaat fcvcral ftars lying near each other, which 
afironomers, for the fake of remembering with more cafe, 
fuppofed to be circumfcribcd by the oiuliBct of fome aaima^ 
or other figure* 

Cofmical rifing or fetting of a flar, is when they riiii 
with the Sun in the ooorningy or ta with him ki the 
evening. 

Comftqsi€tuia^ the motion of the planets according to the 
order of the iigns, as from Aries towards Taurus, &c« 

Cttlminat'tng of the Sua or a fiar, is when they cocne to the 
meridian of any place. 

Cyck of the Moon, a period of 19 years, 10 which tin* 
the changes and eclipfca of the Mooo arc nearly the Cuue, 
and happen at the fame time. 

Dayy that portion of time in which the Earth performs aa 
entire revolution upon iu axis ; and is either natural, arti* 
ficial, or aftronomical. 

Declination of any celeflial body, is its diftance north or 
fouth from the equator, reckoned in degrees, minutes, fiec« 
i:pon a ciicle perpendicular to the equator. 

Degree^ the 360th part of a circle. 

DireRy a plnnct is faid to be dire^ when it moves acconliag 
to the order of (be (igns. 

DijK ot the Suuy or Moon, is its round ftce, wbid^ on 
account of its diftaucc from us, appears flat, like a plaac 
furi'ace. 

Digit -i is the tttCifth part of tiie Sun or Moon's diih 
meter. 

L. c'*tjlclty, the diiiaiKc between the ceotiv of an cUipCi 
anJ ciiherof ils loci. 

i\lipiicy ti^at great circle in which the Sim appears to 

KlevatioM of uic pole, is an arc of the meridian cootaiae^ 

Lclwccii i!;c y.-y.c and the horizon, and is always Ofui IP 

ft tho 
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llie diftance of the zenith from the equator, that is, the 
latitude of the place. 

Mkngmtien^ the aogiilar diflance of a planet from the 
Sun, as it appears to a fpec^ator upon the Earth. 

■EUiffii^ a figure formed by cutting a cone obliquely. The 
40ibils of atl the planets are -of this form. 

Emerfi^H^ the time when any planet that is eclipfed begins 
to TCKOver its light again. 

iEfstfUf the Moon's age at the end of the year, •or the dif- 
ference between the fo!ar and lunar year, 

Equathasy certain quantities by which are^elHmated the 
inequalities in the motion of a planet : the Moon being ful^ 
je^ to many irregularities, has a great number of «qna-i 
tions. 

Equation 0f Time^ the difference between equal -and ap- 
parent time, or that fliewn by a clock and a fun-dial. 

^quiMPXitf the two pokts where the ecliptic cuts the 
'equator. 

Galaxy^ or the Milky Way, a large irregular zone in the 
iieavefis, illuminated with a great number of fiars. 

Geocentric place of a planet, is that part where it is feen 
•from the Earth. 

Heliacal rifing of a flar, is when it appears above the 
horizon, before the Sun in the morning : and heliacal fetting 
of a ilar, is when it is not feen after the Sun in thecvening« 
Heliocentric place of a planet, is that part in which the 
planet is ieen from the fun. 

Hemijfhere^ the half of a globe or fphere, and is eidier 
celeftial or terreflrial. 

^Horitan^ is the circle which feparatcs the vifible from the 
invifible hemifphere, and is either fenfible or rational. The 
-former paffing over the furface of the Earth, and the ktter 
throiigh the centre. 

Hour circUsf are great circlet paffing through the poles of 
4hc world. 
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ImmerJiQH^ the mcment when an eclipfe begins on a 
pI7.nct. 

InclinahoH^ the angle which the orbit of one planet makes 
y/iih that of another. 

Latitude of a (Ur or planet, is its diftance from the ecliptiCt 
reckoned in degrees, minuc-s, &c. upon the arc of a great 
circle. 

LoH^itude of a ftar or planet, is its difiance from the 
firil point of Aries, in degrees, minutes^ &c. upon the 
ecliptic. 

Luminar'us^ the Sun and Moon, fo called b}* way of emi- 
nence. 

Lunation^ the time bervreen one new Moon and the 
11 ex:. 

Magniiudts. the different claflei of the flars, of ivhich there 
are utiully reukoncd fix or eight. 

McAtt tuetiQH of a planet, is that which would take place 
if it nioveti in a perfect circle, and an equal ijxice eveiy 
da\"- 

'yicrulian^ that great circle which pafles through the poles 
an J t!:c zenith of any place. 

Ji7v::.v, the 6c'h pnrt of an hour in time, or the faiSfe 
pait of a lik-'grce of lpr.ce. 

A'.wVr, that point in the heavens direftly under our feet. 

iV j.:>>, the two points where the orbit of a planet inter* 
fec^s tlu- cdiptlc. 

Isort'em fi-^ns of ihc cclipiic, are thofe fix on the north of 
the cquinodial, viz. Aries, Taurus, Gemini, Cancer, Leo, 
and Virjio. 

Afc./r&i, the head of a comet, or the central part of a 
pl.m.t. 

Ohliyue afcenfiofi of the Sun, or a ftar, is an arc of the 
e.-i?iii\oc:;a'' coniained bet ecn t. e fiift degree of Aries, and 
th.u p^iiit oi it which rife^ with the bun or liar. 
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Oblique Sfiifre^ is that portion of the globe when either 
pole is above the horizon lefs than 90 degrees. 

OppofitMy when two ftars or planets are iSo degrees 
didanc from each other. 

Orbity the path a planet defcribes in its courfe round the 
Sun. 

Orbis magtnsy the orbit of the Earth. 

Farallax^ the difference between the places of any celefHal 
body, as feen from the centre, and from the fuHieice t>f the 
£anh. 

ParaUax of the Earth^s arnnmal orbity is the angle at any 
planet which is fubtendcd by the diftance between the Sun 
and Earth. 

ParalUU of latitude^ ar^mall circles of the Inhere, parallel 
to the equator. 

Perigeon^ that point of a planet's orbit in which it if 
seared the Earth. 

PeribelipMy that point of a planet's orbit neareft the Sun* 

PoUJiary a fbir of the fecoiid magnitude in the tail of the 
Greater Bear, fo called from being dtuated near the North 
Pole of the world. 

'Poles of the worU, the two points at the extremities of the 
Earth's axis. 

Precejfion of the equinoxesy a flow motion of thefe two 
points, whereby they are fouid to go backwards about jo 
feconds in a year. 

Suadranty the fourth part of a circle ; alfo an inflrument 
for noeafuring angles. 

Retrograde, is that motion by which fome of the planets 
feem to go backwards, or contrary to the order of the 
figns. 

Right afcenfiouy is that degree of the equator which comes 
to the nneridian with any^ccleftiai body, reckoning from the 
firil point of Aries. 

Sateilitesy the fecondary plinets.* 
V0L.II. Mm Second^ 
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the body which communicates the motion is the powei| and 
that which receives the motion is the weight. 

9. Fri^iiM is the refiftance which any machine fuffers by 
the pits rubbing againil each other. 

In the praAice of mechanics, though all bodies are rough 
in fome degree, and all engines imperfeft ; 3ret it is neceflary 
to confider all planes as perfeAly even, all bodies perfedly 
fmootli, and all bodies and machines to move without fric- 
tion or refiflancei all lines firaight and inflexible^ all cords 
ttry pliable, &c. 



SECT. I. 



ON THE sn MBCHAKICAl POWERS. 



The whole principles of relative motion in raechaoies 
flepend upon this one (ingle rule : — Tdai the wMe fnn tf 
m moving My is ibe re/mli of its qmantity »/ mslter ntkbifiiti 
by the vtUcity of its mofiom. Thw«, when the produA 
arifing from the multiplication of the particular quantidci 
of matter in any two bodies by their refpcAive vekxities 
are equal, the entire forces are fo ton. For example :— 
fuppofe a body, A, which weighs 40 pounds, to move at the 
rate of two miles in a minute ; and another body B, which 
weighs only four poimds, to move to milei in a minute : 
the entire forces whh which thefe two boilies will ftrite 
agaioft any other would be equal to each other, and there* 
fore it would require equal powen to fti>p them ; for 4a 
multiplied by i, giva 8oy the liom of the body A ^ tad 9o 

is 
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is alfo the produd of 4, multiplied by 20, the ibrce of the 
body B. Thus, the heavier any body is, the greater is the 
power reqiiirecil cither to move or ftop it. And agun, 
the fwifter it moves, the greater is its force ; therefore, 
whea two bodies are fufpended oa any machine, fo as to &&• 
contrary to each other, if the machine be put in motioOi 
»d the peqi^cndiculnr aicent of one body, multiplied into 
ks weight, be equal to the perpcndicuiar del'ccnt of the 
other body, multiplied into its weight ; thofe bodies, how 
unequal fuever in iheir weights, will balance one anotlier 
itt all fiCuations ; for as the whole afcent of one is performed 
in the fame time with the whole dc:fccnt of tiie other, their 
refpe6^ive velodties muft be direclly as the fpnccs through 
which the)' move ; and the excefs of weight in one body is 
compenfated by the excels of velocity in the other. Upon 
tbia principle the power of any machine may be eafily 
computed ; for it it only finding how much fwifter the 
power moves than the weight does (that is, how much 
ftrthcr in the fame time), and juft fo nmch power is gained 
by the engine* 

A Iruer is a bar, either of iron or of wood, one part of 
which is fupported by a prop, as its centre of motion. And 
the velocity of every part or [oint in the lever is diredtly as 
in difiatKe from the prop. 

There arc four kinds of levers: — i. The cc^r.-?iOH Icircr^ 
where the J^rop is placed between the weight and power, 
but much nearer the weight than the pov.cr. 2. Whrre the 
prop is at one end of the lever, the power at the orher end, 
and the weight between ihem. 3. Where the prop is at 
one end, the weight at the orhcr enJ, and the pov;er applied 
between them. 4. The hmUd It^tr^ which differs from a 
lever of the tiift fort only in being bent. Lcveis of the 
firil and fecond kind are otten ufed in mechanical engines ; 
but the third kind are feldom ufed, as no power can be 
gained by them. 

When the power is at the farce diOance from the prop ai 

the 
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the weis^ht is, and the powei nnd weight are both alike, the 
machine will remaiQ in eq lilibriiiniy and no poiier can be 
]j;ainod. This is the principle upon which the common 
balance is formed. Let CD (fi^. 14, ^atf 197 be a beam 
or lever, E the middle point, or centre of motion, which 
may be confidered as the prop ; A B two weight^ hanging at 
the ends C and D ; then, when the machine is fufpended at 
the point £, and put in motion, the points C and D, being 
equiciidant from E, will deicribe equal arches, thcreture 
their velocities wilt be equal ; and if the bodies A and B be 
alfo equa\ then the motion of A will be equal to thai of B» 
as the velocities and quantities of matter are equal ; and con- 
sequently, if the machine be at reft, neither of the weight! 
cam move the other, but they will remain in equilibrium. 

The ufc of the balance or common pair of fcatcs, is to 
compare the weights of different bodies s for any body, whofe 
weight is required, put into one fcale, will be balanced bj a 
btidy of the fame weight, put into the other feale. 

In order to have a pair of fcales perfc^, they (hou/d have 
tbe following properties :~ i . The points of fufpenfion of 
the fcales, and the centre of motion in the beam C, E, D, 
niuil: be in a right line* 2. The arms C E and D E, muft 
be of equ :1 length. 3. The centre of gravity muft be in 
the cent! e of iiiOtion E. 4. There HioU Id be as little fric- 
iiun ns pullible. £. The icaies uiuH be in equilibrium when 
CJi.p'y, 

If ihe centre of gravity of the lieam be above the centre 
of motion, and one end of the iialancc be put lower than 
the other, that end will continually deicend, till it be ftopped 
a: the handle H ; hut if the centre of gravity of the beam 
bj below the centre of motion, the balance will prefcrve an 
(.(j\:i.ih;-ium. 

llcncc, to examine a pnir of fcales, let the weights in the 
t'.o fcales be in equilibrium, then change the weights to the 
crjiitiary fcales, and it thuy rtnuin in equilibrium, the ba- 
lance is true, othcrwilc it is fallc. 

Let 
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Let A B C (^. I, ^/#ff 19) reprcfent a lever of the firft 
kind, fu reported by the prop D ; the parts A B and BC, oo 
Oicli fide of the prop D, are called the arms of the levtir; 
the enn A of tlie (horter arm A B is applied to the weight 
to be ra'ued, and the power is applied to the end C, of the 
other arm B C. The principal ufe of this lever is to loofeD 
large ftones which are fixed in the ground, or to raifb 
great weights to a fmall height, in order to place rollen 
pnder rhtm, or ropes for raifing them higher hj other 
machines. 

In thi^ lever, the (horter arm AB (hould be ai mucb 
thickcrr than the longer arm BC, as will be fufficient to 
balance it on the prop D. Thus, if P reprcfent a power 
whofe weight is equal to one ounce, and W a weight of 
tuelve ounces, jnd if the power be twelve times farther 
from the proiJ than the weight is, they will cxaAIy counter- 
poife each other ; and a frail addition applied to the power 
P will raife the weight W,* and the velocity with which the 
power defcends will be to the velocity with which the weight 
jifes, at I a is to i ; that is, diredly as their diftancet 
from the pi op; and coiifequently, as the fpaces through 
which they m< >ve. Thus, it is evident, that if a man, by 
his natural ilrength, co Id lift an hundred weight, he will^ 
by a 'ever of this fort, be able to raife twelve hundred 
weight. If the <veight l>e lefs, or the power greater, than 
10 the foregoing c^fe, the prop may be placed fo much 
ftrther from the weight, and then it can be raifed to a 
proportlonably greater height by the fajme awidition of 
force : but it the weight be greater, or the power lefs, the 
prop (hould be placed fo much nearer the weight. For, 
univerfally, if the gi*avity of the weight, multiplied by 
its diftaace from the prop, be equal to the gravity of the 
power, multiplied by its didance from the prop^ the 
, power and weight will exactly balance each other. Thus, 
if the weight Vf be twelve ouDces, and its diftance from 
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the prop I ifiCh; the produdl of la multiplied by x » is; 
and if the power P be i ounce, and its difiance from the 
prop ifi inches, the produ^ of thcie two is alfo la ; thcue* 
lore they counterpoife 'each other* If a power equal to 
a ounces be applied at 6 inches diftance from the prop, ic 
will alfo balance the weight W, for 6 multiplied by s is is. 
And if the power be 3 ounces, and placed at 4 iochei dif- 
tance from the prop, it would alfo balance tbc weight Wg 
for 3 times 4 is is. And the like in any other proportioiu 
A poker ftirring a fire is a lever of this kind ; the bar upon 
which it reils is the prop» the hand applied to tbe end of 
it is the power> and the incumbent coals on the other end 
the weight. Several forts of inibuments are fonned of 
two levers of this kind, as, fcifTan, fnuffers, pincen, Arc; 
the prop, or centre of motion, is the pin which holds them 
to^^ethcr. 

The fiaitra^ or Roman fteelyard, is a lever of this kind, 
nnd i» ufcd to find the weight of any body by one fingle 
weight, placed at different diftances from the prop. G X 
Oi'' ^3) ^^ ^ ft eel yard, fufpendtd by the hook O, from the 
;:.'nuc cf motion D; the Ihortcr arm DG is of fuch a 
\\;:i.»ht as cxacily to rountcrpoife the longer arm DX; if 
:ht5 !on^;cr nnn hz divide^] into as many equal parts as it 
v.ill rjnir,;??^ and catli parr equal to O D, the fingle weight 
i' '.vill weigh any boily as heavy as itklf, or as many times 
t-.. '.'. I-;- ;i.. there arc divirons in the arm D X. Thu?, if the 
V. "'JuP be opc ptninJ, :\iv.l plnrcd at the firft divifion i, 
i:i \\\ • :irm D X, it will uilanoc one pound in the fcalc W'; 
:■ it PC rciviovci^ to tlie iVco'iJ divifion at a, it will balance 
:•- .? •^oiiiids \\\ ti.e faii'iC fctilc; if to the thirdj three pounds, 
^.^. r\\\\ if c.il!i ot thcfe integral divilions could be divided 
f!.io r.^ \v\w\ equal pnrt:, r.s a pound contains ounces, then 
!:^c wi'olii V, plifcJ at any of tlicJc fubdivifions, would 
i'jcu Tic odd ounces, over and ab<nc the number of poimds 
fi :;a I'udv in the fralc. 

The, 
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The fccond kind of levers have the weight between the 
prop aiiH the power (fig. 2). In this, m well as the former, 
the advanta e gair«ed, is as the diftance of the power from 
the prop, to the didance of the weight from the prop ; and 
the rules for connputing the force of this lever are the fame 
with thofe of the former. Thus, if W be a weight of fix 
ounces, hanging at the diilance of one inch from the prop 
G, and F a power or weight of one ounce, lianging at the 
end Y^^ fix inches diftaht from ,the prop (by the cord CD 
running over the fixed pulley £)> the power will juft fupport 
the weight : and a fmall addition to the power will raife the 
weight one inch for every fix inches that the power defcends. 
Thus the power a£ts with the fame force upon the weight, aa 
it would do, if the weight were at the fame diftance from the 
prop, and on the other fide thereof, in which cafe it would 
be a lever of the firft fort* , 

TwQ men carrying a burden upon a ftick exhibit a fpe* 
dmen of a lever of this kind ; and the portion of weight 
borne by each man, is in proportion to his diihince from the 
weight. In yoking two horfes of an unequal flrength to 
draw any load, the point of ta6iion is placed as much nearer 
to the Wronger horfe than to the weaker, as the flrength of 
the former exceeds that of the latter. 

Of this kind of levers are oars, rudders of fhip?, doors 
turning upon hinges, cutting knives fixed at the point, U:Z^ 

The third icind of lever has the power' applied between 
the weight and the prop, in which, in order tha( the power 
may counterpoife the weight, the gravity- of the power mud 
exceed that of the weight as, much as the diftance of the 
weight from the prop exceeds the diftance of the power from 
the prop. Thus, if £ {fig* 3) be the prop of the lever A B, 
mnd W a weight of one pound, which is placed three tim^s 
ai fiir from the prop as the power P, which ads at F by ti e 
cord C going over the pulley D ; the power P muft be three 
pounds, to counterpoife the weight of W of one pound \ 
' youU, Nu and 






weight will balance each other. Again, let A B be a wheel, £D 
tiie axle, and the circumferenoe of the wheel eight timefl 
ai great as that of the txle; then a power P of one poand 
weight hanging by the cord I, which goes round the wheel. 
Will balance the weight W of eight pounds bringing by the 
rope K, which goes round the axle ; and a fmall additioa 
to the power will caufe it to defcend and raiie the weight; 
but the weight will rife with only an eighth part of the 
Velocity wherewith the power defcends ; and confequently 
will nsove through only an eighth part of an equal fpac6 
in the fame time. If the wheel be pulled round by the 
handles S S, the power will be increafed in proportion to 
their length. 

In this mechanical power the radius of the wheel and the 
oppoiite radius of the axle may be con6dered as the longer 
and (horter arms of a lerer of the Mt kind, the centre of the 
axle being the prop. 

Sometimes the wheel, or the axle, is indented^ or cut into 
teeth, which hart another wheel working in them, as ia 
jacks, clocks, mill, work, &c. by which means they gi?e a 
much greater mechanical force. To compute t\ie power of 
a combination of Wheels, multiply the radii of all the axles 
continually together^ as alfo the radii of all the wheek; 
then, as the former produ6l is to the latter, ib is a giveo 
power applied to the circumference of a wheel to the weight 
it can fufhiin. For example : in a combination of five wheelt 
and axles^ to find the weight a man can fuilain or raife, 
whcfe force is equal to 1 50 pounds, the radii of the wheels 
being 30 inches, and the radii of the axles three inches. 
Here 3 multiplied four times into itfelf, produces 243 ; and 
30 multiplied four times into itfelf, produces ft4)300,o6o 1 
therefore, as 243 is to 24,300^000, fo is ijo to i $,000,000 
pounds, the weight he can fufiain, which is more than 6696 
tons, or above 100,000 times as great a weight as he could 
fofiam by his own natural force. 

N n a Bui 
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gnvity of the power is to that of the weight. Thus if P 
^dceiid eight inches, A will afceBd four indies fi two lochesp 
C ooe inchy and W half an inch. 

Af Bf Cf D, (fig. iiy) are four pullies, two of which, A 
and 6, are in a fixed block X ; the two others, C and D, in 
a moveable block. Here the weight W is raifcd by pulling 
the cord st P, which goes fucceiEvely over the four puilies, 
and is fattened at the end to the fixed block at f. .The 
purchafe of this machine is leen to be as 4 to i, for P is 
fuftained by the fingle cord ; but W by four folds of the 
cord, viz.— ^, /, u^ k^ fo that if P be one pound, W wilt 
be four. 

The velocity of the power to that of the weight is alfo as 
in the former caie, as the gravity of the weight to that of 
the power, or as 4 to i ; for when P defcends four inches^ 
the parts of the cord at k will afcend four inches towards e, 
and all the other parts of the cord will equally follow each 
other; and as there are four folds in the cord, viz. 0^ j, Uyk^ 
they will each of them be (liortened one inch, and C or W 
will be fo much raifed. 

In the fame manner the purchafe of any combmation of 
puUies may be determined ; for the momenta of the weight 
and power will always be equal ; as in the other mechanicat 
powers. 

The fourth mechanical power is the incline ti plane. In this 
machine the advantage gained is as great as its length ex- 
ceeds its perpendicular height. Let A B (Jij^. j) be a plane 
parallel to the horizon, and C D a plane inclined to it ; if 
the length C D be three times as great as the perpendicular 
height G F, the cylinder £ will be fupported on the plane 
CD, by a power equal to a third part of the weight of 
the cylinder; or, it may be rolled up the plane wiih a third 
part of the power, which would be lufHcient to dr.iw it up 
the fide of an upright wall. If the plane were four times as 
long as the perpendicular height^ it would require only the 

fourth 
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Tbe powr gained by the wedge is in proportion to the 
kogth of the (lant fide to half the thicknefs of the bade 
Thusy if the hack of the wedge be two inches thick, and 
the fide 20 inches long, any weight performing on the back 
will balance ao times as much acting again (I the tides. To 
vk a wedge to the greateft advantage, it (hould be forced^ 
liot by prelTure, but by percuffion, as by the blow of a 
hammer or mallet ; by which means a wedge may be driven 
in below any weighti and fo made to lift it up, as the largeft 
ihipSf 8cc. 

The wedge has a very great mechanical force, and effeds 
what would be impoffible by the lever, wheel and axle, or 
pulley; for the force of the blow (hakes all the adjacent 
parts, and thereby makes them feparate more eafily ; fo that 
not only wood, but even rocks, can be fplit b> it. 

To the wedge may be referred the axe or hatchet, the 
chiieJ, the fpade and ilibvel, knives of all kinds ; as alfo 
the bodkin and needle, and all forts of inilruments which, 
beginning from an edge or point, become gradually 
thicker* 

The tixth, and lad mechanical power, is the fcrewy which 
is not properly a fimple machine, becaufe it cannot be ufed 
without a lever to turn it, called the winch or handle. It is 
a compound engine of \tjy great force, and Is a kind of 
perpendicular or endlefs inclined plane, iliil farther affiled 
by the power of the handle or lever : and the gain of power 
is in proportion of the circumference defcribed by the power 
to the diflance between one thread and tbe next in the 
Icrew. 

Thus, let C be a wheel (Jig. 8), having a fcrew a 3, on 
its axis, working in the teeth of the wi.ecl D, which fuppofe 
to be 48 in number. Then it is evident, that for one revo- 

« 

lution of the wheel C, fcrew ah^ and winch A, the wheel D, 
will be moved one tooth by the fcrew ; and therefore in 48 
revolutioos of the wmch A, the wheel D will be turned once 

round. 
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Fourth pin of the weight, on cOpper a fifth p^rt, and 6q 
brafs a fixth part of the weight : iron or (leel running id 
brafs has the lead fri6^ion of any. And metals of the fame 
fort have more friAioo than different forts ; and in general 
the friction ihcreafes in the famb proportion with the weightf 
but is greater with a greatfer velocity. 

The friction in piilHes is now almoft reduced to nothing, 
t^ the contrivance of Mr.(7amett, in hU pateht friflioH 
rollers, which produce a gheat faving of labour and expenfe^ 
as well as wear of the materials, both when apt>lied to puUiet 
ahd the axles of wheel carriages. By this contrivance, there 
is a hollow fpace left between the nave and axle, or centre 
and pin-box, which is filled up by folid eqUal rollers, nearly 
touching each other, and fumifhed with axles, each of which 
is inferred into a circular ring at each ciid, by which their 
relative diAances are preferved ; and they are kept parallel 
by means of wires faflened to the rings between the rollers, 
and to which the wires are rivetted. 

■ 

It is a general property in all the mechanic powers, that 
when the weight and power balance each other, if they be 
put in motion^ the power and weight will be to each other » 
reciprocally a> the velocities of their motion ; or the powet 
is to the Weight as the velocity of the weight is to the velo- 
city of the power ; fo that their two itiomentas are equal,: 
viz. — The produft of the power, multiplied by its velocity, 
IS equal to the produ£t of the weight multiplied by its velo- 
city. And hence the general rule : viz. T/jai *vjhat is gained 
in funuer if lofl in time. For the weight moves as much ilowcr 
as the power is lefs. 
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general the effect of any power or fbrce is as the produft 
of that force multiplied by the didance of its diredioo 
from the centre of motion ; or the product of the poweri and 

« 

its velocity when in motion, for the velocity is proporuonal 
to the di (lance from that centre. 

The fecond general problem, in Mechanics, is of the 
greateft importance, though it has been little attended to 
by mechanical writers, viz. — To determine the proportion 
between the power and weight, fo that when the power 
prevails, and the machine is in motion, the greateft cfft€t 
poffible may be produced * by it in a given time. When the 
power is only a little greater than what is fufficient to fuftaia 
the weight, the motion is ufually too flow ; and though a 
greater weight be raifed in this cafe, it is not fufficient to 
compenfate for the lofs of time. And when the power it 
much greater than what is fufficient to fuftain the weighty 
the weight is raifed in lefs time ; but it often happens, that 
this is not fufficient to compenfate for the lofs which arifet 
from the load being reduced ; therefore, the only general 
rule that can be given is, to find when the product of the 
weight, multiplied by its velocity, is the greatefl ; for this 
produd meafures the effect of the machine in a given time, 
which is always greater in proportioh as both the weight and 
velocity are greater. 

In the conftrudion of compound machines, where it is 
necefTary to alter the direction of the motion, recourfe mufl 
be had to what is called ievel geer^ the principle of which is 
as follows :— 

Let A and B Cfig^i$) be tw^ cones revolving on their 
centres a c and a b ; if their bafes be equal, they will each 
perform their revolution in the fame time ; and any two 
points in each cone equally diftaut from the centre, as d 1, 
d 2, d 3, &c. will revolve in the fame time as f i, f 2, f 3, 
&c. reipedively. But if one cone be twice the diameter of 
the other, as the cone ade C/r^.ao), which is twice the 
diaxncter of the cone fad, then as they turn uppn their 
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aod alfo where the equality of the motion is not regarded, 
the univerfal joint may be ufcd (J^ %%) ioftead of the bevel 
gecr. This joint may be conftruAed by a crofs, as ibewii 
in the figure ; or with four pins, faftened at right angles 
upon the circumference ot a hoop, or folid ball. This it 
of great ufe in fome machines, where the tumbling ihafti 
pre continued to a i^reat diftance from the moving power, 
as it is in cotton mi lb. The (hafts, by applying this joint, 
inay alio be cut to ariy length, which is a great advantage 
jf/bcxt there is fnucfi refiftance. 
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SEC T. I. 

TUB PRACTICAL PART OF ELECTRICITY. 

The earth, air, and all terrefirial bodies are fuppofed to 

fXMitain a certain quantity of aa elaiiic fubtle fluid, calkd 

pf philofopbers, the ekaric Jmid ; and when any body pof- 

felTes 
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But the fridion of an eledric body againft a rubber feparites 
thcfe fluids, and caufes the vitreous eleftricity of the rubber 
Co pafs to the eleftric, then to the prime conductor of the 
machine, while the refinous eledrictty of the conduftor and 
ele&ric is communicated to the rubber ; thus the quality of 
At ete6hic fluid poilefled by the condu6ior and the rubber 
it changed, while the quantity remains the fame in each. 
In this feparated ftate the two ele6lric fluids will exert their 
refpe^ive powers ; and any number of bodies charged with 
either of thefe may repel each other, attrad thofe bodies 
that have lefs of each particular fluid than themfelvcs, and 
be fttll attra^ed more by bodies that are either only deftitute 
•f it, or loaded with the contrary. In this theory the eledric 
ipark makes a double current ; one fluid paifing to the elec- 
trified conductor from any fubdance prefented to it, while 
the fame quantity of the other fluid pafTes from it ; and when 
cwsh body receives its natufal quantity of both fluids, the 
balance of the two powers is re(lored| and both bodies are 
uneledrified* 

The other theory, and that which is commonly receired* 
if chat diftinguifhed by the name offofitive and negaiive ekc' 
incii^i fuggefled by Dr. Watibn, and demonflrated by Dr. 
Franklin ; in which it is fuppofed, that all bodies pofl^efs a 
certain (hare of one and the fame fluid, which is extremely . 
jisbtle and elaflic, by which the particles of it are (Irongly 
attrafted, as they arc repelled by one another. When bodies 
poffefs their natural (hare of this fluid, they are faid to be 
in an uneled^rifled ftate ; but when the equilibrium is de- 
flrqyed, and they have an additional quantity from other 
bodies, or when they lofe part of their natural fhare by the 
communication to other bodies, they then become electrified, 
and exhibit electrical appearances ; which are generally the 
Affic in both cafes. In the former cafe they are faid to be 
deftrified pofitively, or fins; and in the fatter cafe nega* 
ti?dyi or mimu. It is alfo fuppofed, th:it eledrics always 

contain 
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natural (hare. Here the glafs is laid to be excited^ becaufe 
the fri^i(>n feems to excite the clcftric power which was in 
the glafs. 

In the fame manner the fnftion of the glafs globe againft 
tfie rubber tn the clcrtrical machine makes the eleflrical 
Utiid which was in the rubber pafs to the glafs, from whence 
h is conve}'ed to the prime condu^or, the points of which 
arc prelentcd to every part cf the globe in fucceflion, as it is 
turned in the machine; and as the frit^ion is continued, 
there will be a conftant fupply of electric fluid to the prime 
conductor (thojugh other bodies be prefented to it), and keep 
difcharging all the while in viiible fparks. Th' hand, in the 
former of thcfe cafes, and the rubber, in the latter, part 
With their natural (hare of eleftric fluid to the glafs againft 
which rhey were rubbed, but receive an immediate fupply 
from the conducing fut^ances to which they are connede<l; 
and thefe are again fupplied by the general mafs of fluid that 
it in the earth. 

Again, if a ftick of fealing-wax, a piece of fulphur, or a 
tube of rough glafs, be diawn through the hand, the eledric 
fluid belonging to them will pafs from them to the handi 
and being furrounded by the aii*, which is a non-condu£tor, 
they remain exhaufled, and are ready to take fparks of elec- 
tric fire from any bodies prefented to them. The fulphur^ 
fealingwax, &c. in this caie are f<iid to be excited, as well 
as the glafs, uliich was overloaded with fluid, though the 
fbte they are in be the reverfe of one another. It is tropof* 
fible to diftinguifh by the eye the courie of the electric mat- 
ter, its velocity is fo great. 

There are a variety of inventions for the confirudion of 
Ae ele^rical machine, but the mod Ample is that repre« 
fented m figure a, which, by reafon of its fimplicity, is not 
liable to be put out of order, as it has neither wheel nor 
firing, though both might be attached thereto, if required. 
It may alfo be fixed firm on a table, and eafily taken off: 
Ae globe may alfo be Xfktn out with the greateft cafe, in 
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Inftead of the above coropofitioh, fome ufe a mixture 
ttiadc of four parts of Venice turpentine^ one part of refin, 
fend one of bees-wax ; whkh is prepared and ufed in the 
lame manner as tl^ former* 

There are alfo other methods for making amelgam : as, 
I. By four parts of fpelter and fix parts of mercury; 2. 
alfo by adding Gx ounces of qutckfilver to one pound of 
molten tin, which, urheil cold and reduced into power, is to 
be mixed with feven ounces of Ailphur, and fix ounces of 
fa] ammoniac ; the whole is fublimated !n a mattrafs. 

The parts of the machine which are infulated (hould be 
Vamilhed over with a varnifli made of highly re6lified fpirits 
of wine and fealing-wax ; as alfo the glafs pillars, in order 
to keep off the moillurc they would imbibe from the damp 
tir. 

It is neceiTary for the young pra^itioner to attend to the 
following rules, in the performing of his experiments, tA it 
will often happen, that though he be in polTeflion of very 
good inftruments, yet, through fome inadvertencies, hit 
experiments will not fuccced according to his expedtation, 
for want of a fufficient pra£tice in the an. 

X. The ele^rical machine, coated jars, and every part of 
the ele^ric apparatus, fhould be kept clean, and free from 
dud and moiflure. 

2. In clear weather, when the air is dry, and particularly 
in frofty weather, the machine will always work well : but 
in hot weather, and damp weather (except it be brought in 
a warm room, and the apparatus made thoroughly dry), it 
will not work fo well. 

3. The c> Under (hould always be wiped clean with a foft 
dry linen cloth that is warm, and then with a clean hot 
flannel, before the machine be ufed ; then applying a little 
amalgam, turn the winch of the machine, and the eledric 
fluid will come like a wind from the cylinder to the knuckle, 
and fome fparks and cracking will foon follow. This indicates 
that the machine is in good order. But if theic appearances 
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tbemrelves upon the lower plate P, which is fupported oa 
the pededal G H ; after which they will be attraded aad 
repelled again as before, and fly from one plate to the other 
with great rapidity,, if tlie eletflrification be ftrong. It it 
vfual to cut the pieces of paper into the figures of men and 
women, when they exhibit a kind of dance, which affords 
iixne entertainment to the beholders. 

The elcdrical bells are often ufed in concert with the 
above experiment, and depend on the fame principle. Tbefe 
are four bells a^ b^ c^ d^ which hang from the ends of twa 
brafs rods (fig, 5), communicating with the prime condudoTt 
and with another bell ^, fixed on a pedeftal A, reaching to 
the ground. Between the four bells hang four brafs balk^ 
fufpended by (liken firings; each of thefe balls hang between 
the centre bell t and one of the outermofl bells. The outer- 
mofl bells being connedled with the prime condodor hf 
brafs chains, are ele^ified, and attra£l the brafs balls which 
hang between, them and the centre bell ; and the attradioa 
being flrong, each ball flrikes its outer bell with fome vio* 
lence, and makes it ring : being then loaded with eledricity« 
it is immediately repellsd, and flies to unload jtfelt by (lri« 
king upon the centre bell, which is infulated by the giafii 
pillar B upon the pedeflal A, and from which pillar the 
eledric matter pafTes to the floor, by means of the braf» 
pedeflal A* The balis are then again attra^cd by the outer* 
roofl bells, as before ; and thus the ringing may be con* 
tinued as long as necefl'ary. 

When a perfon is to i.e eledriiied, and (lands upon a flooL 
with glafs feet, or baked wood (fig^l^t having the chain 
in his hand, faflened to the prime condUi^or, he is then faid 
to be infulated, and may be confidered as part of the prime. 
• conduAor ; for every part of his body will exhibit the fame 
appearance as the prime conductor* For if the finger of 
any perfon, flanding upon the floor, be prefcnted to him, a 
fpark of Are will be ieen to ifTue from him, and both he and 
the perfon who receives it will feel a painful lenfation ; and 
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tbemrelves upon the lower plate P, which is fupported oa 
the pededal G H » after which they will be attraded aad 
repelled again as before, and fly from one plate to the other 
with great rapidity,, if the ele(5lri Beat ion be ftrong. It it 
vfual to cut the pieces of paper into the figures of men aod 
women, when they exhibit a kind of dance, which affords 
iixne entertainment to the beholders. 

The elcdrical bells are often ufed in concert with the 
above experiment, and depend on the fame principle. Tbefe 
are four bells a^ ^, c^ ^, which hang from the ends of twa 
brafs rods (fi^. 5), communicating with the prime condu^OTt 
and with another bell ^, fixed on a pedeftal A, reaching to 
the ground. Between the four bells hang four brafs balk^ 
fufpended by (liken firings; each of thefe balls hang between 
the centre bell e and one of the outermofl bells. The outer- 
mofl bells being connected with the prime condo^or bf 
brafs chains, are ele^ified, and atcra£l the brafs balls which 
hang between them and the centre bell; and the attradioa 
being flrong, each ball flrikes its outer bell with fome vio* 
Icnce, and makes it ring : being then loaded with eie^ricity« 
it is immediately repelled, and flies to unload itfelt by (lri« 
king upon the centre bell, which is infulated by the giafii 
pillar B upon the pedeflal A, and from which pillar the 
eledric matter pafTes to the floor, by means of the braf» 
pedeflal A* The balls are then again attra^ed by the outer* . 
roofl bells, as before ; and thus the ringing may be con* 
tioued as long as neceifary. 

When a perfon is to he ele^riiied, and (lands upon a ftooL 
with glafs feet^ or baked wood (fig^l^t having the chain 
in his hand, faflened to the prime condUi^or, he is then faid 
to be infulated, and may be confidered as part of the prime. 
• coodu^or ; for every part of his body will exhibit the fame 
appearance as the prime conductor* For it' the flnger of 
any perfon, flanding upon the floor, be prefcnted to him, a 
fpark of Are will be feen to ifTue from him, and both he and 
the perfon who receives it will feel a painful lenfation ; and 
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electric fubAances, the poiot projecting towards the clouds, 
i¥ill draw the ele^ric matter from them, and become fenfibly 
charged with eledricity, as if it had been conneded with the 
prime conductor of an electrical machine. It will attract all 
light bodies, and fparks of electric matter may be drawn 
from it; and in (hort, it will exhibit every appearance 
of common eleClnclty ; and on the other hand, by common 
electricity may be produced, in miniature, all the known 
effects of lightning. 

This difcovery was cffeCted by Dr. Franklin, by raifing a 
kite, called the eleffrical kite ; and formed of a large thin 
filk handkerchief, extended and faftened at the four cornert 
to two (lender (trips of cedar, and accommodated with a 
tail, loop^ and (tring, fo as to rife in the air like a common 
paper kite. To the top of the upright (tick of the crofs 
was fixed a (harp-pointed wire^ extending a foot upwards, 
above the wood ; and to that end of th^twine which is next 
to the hand, was tied a filk riband. At the jun^ion of the 
twine and filk was fufpended a key, from which, when the 
kite is raifed during a thunder-ltorm, a phial may l>e charged 
and eleCtric fire colleded, as by means of an eleCtrical ma- 
chine. From which it appears, that points have a remarkable 
property, both of throwing off, and receiving the eleCtric fluid; 
from whence has ri(en that ufeful invention of applying me* 
tallic conductors to houfes or buildings, in order to preferve 
them from the dreadful effeCls of lightning, as will \k here* 
after (hewn. 
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ft. Tifc dancing BmiU.—?ftitnt the point of a wire, which 
at fixed on the prime €oadudor» to the infide fuffKc of a 
glaU tumbler, graTping it oo the outfide with the hands. The 
glafi then will lobo become charged with eledric matter; its 
tofiiie furlace acquiring the cleAricity from the point of the 
wire, aud its outfiiie fnrface lofing its natural quantity of 
eledric fluid through the hands, and which, in this caie, ferves 
as a coating to the glafs* Then put a few pith^ balls upoa 
the table, and cover them with this glafs tumbler, and .they 
will immediately jump up by the fides of the glaft (fig. 9), 
and continue in motion for fome time, being attraded, and 
repelled, by the eU^tric fluid upon the fuiface of the glafs* 
which they gradually condud to the table, the outfide of the 
glaift acquiring the ele^hic fluid from the furrouodiog air. 

* 3. EUBria heepme CmtiuH§n -mhem maJt ^«— Tie the filk 
'^g O (fig- 10) to a crooked glais tube A £ F fi, by which 
it may be held ; fill the middle part of this tube £ F with 
refin, iealing-wax, or any other dcAric fubflaiice;' then fix 
the two wires A £, B F, . in the fealing^waxy Uc. Hdd the 
tube over a clear fire to melt the refin or fealing-waz within 
it; at the lame tinte conneding one of the wires A or B with 
the outfide of a charged jar, and touching the other wire 
with the knob of the jar. Then endeavour to make the 
difcharge through the refin, wax, &c. and it will be obferved, 
that while the refin is cold, no fliock can be tranfinitted 
through it, but as it melts it becomes a condu^or ; and wheo 
perfedly melted, the fliocks pafs through it freely: by 
which it may be feen, that glais and other eJedcics become 
tftnduAors, when they are made very hot* 

4« 7bi 7 bunder Hpuft. — A (fig. 1 1 ) reprefents the fide of 
ft houfe, being a board about three quarters of an inch thick* 
This is fixed perpendicularly upon the bottom board B» 
upon which is alfo fixed, in a hole in the £uiie board, the 
glaft pillar C D, about eight iaches diflant from the board A* 
lo tbNs board A is a iinall fquare hole ILMKf about a 
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experiment, the ball G reprefenti a thunder cloudy whkh 
being trrived fnfficiently near the top of the houft A, the 
eledricity ftrikes it ; and ia the houfe is not fecured with a 
proper condudor, the exploiion will break part of it, by 
Itnocking out the piece of wood I M. 

Again, let the piece of wood I M be fo iituated that the 
wire LK may ftand- in the difedion I M ; in this cafe, the 
cofidu'f^pr HO is not difcontinued ; and repeating the expe- 
riment as before, it will be feen, that the explofion will hare 
no effect upon the houfe, as the piece of wood L M will 
renuiin in the bole unmoved ; which (hews the ufefninefs of 
a metallic condu^or. The inftruroent ufed in this experi- 
ment is called the thunder houfe, as ic (hews the eifeft 
thunder has upon a houfe, both fecured and unfecured. 

$• The eleSrical Battery^-^\% the mofl formidable and en* 
tertaining part of eledricity ; and is formed of a number of 
glafs«coated jars conneded together, {o that their whole 
force ntiay be united. And if a battery of no great power 
is required, as containing about eight or nine fquare feet of 
coated glafs, common pint or half pint phials will anfwer 
the purpofe very well ; but when a large battery Is required* 
it is neceifary to have cylindrical glafs jars, of about 6fteen 
inches high, and four or five inches in diameter. 

The bcft method of coating thefe jars, is to coat them 
with tin foil on both fides, which may be fixed upon the 
glafs with pafle, made of wheat flour ; but in coating the infide 
of phials or jars, whofe mouths are not large enough to admit 
the tin foil, brafs filings are ufed, mixed with gum-water or 
bees-wax, &c* And the coatings ihould not come within 
two inches of the mouth of the jar, otherwife the jar may 
difcharge of itfelf. Some kind of glafs is not capable of 
bolding any charge : the jart or phials fhould therefore be 
examined, before any experiment be performed. 

A very good battery inay be formed of twelve jars, coated 
on both fides with tin foil, containing in the whole about 
twelve fquare /Sect of coated glafs. In tbt middle of each 
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of cork B (fig* 14) by a filk tbrcad ; in the cork a few (Siorc 
thfcadf are drawn^ to reprefent its legs. It is to be bpng in 
the midway, betMreen the knob £ of the wire D £, which is 
oonne6(ed with the jar A D, and the knob A : then the jar 
bein^ charged, by connedlng its knob A with the prime 
condu^or, the fpider will be attracted by the knob A, and' 
then repelled by it to the knob E, where it difcharges its 
eleArtciry ; and is then again attra6ted by the knob A, and 
agam repelled to the knob £ ; and will continue this motion 
till it has completely dikharged the jar. 

7. ^9 refreftnt any luminous Figures, — The fpiral tube is 
compofed of two glafs tubes C D (fig. 1%), one within the 
other, the ends being clofed with two brafs caps A and B. 
On the outfide of the inncmiofl tube is fiuck a fpiral row of 
fmall round pieces of tin foil, about a tweltth of an inch 
dillant from each other ; then holding it by one end, and 
prefenting the other end to the prime condu^or, fmall fparks 
will appear between all the pieces of tin. foil, and in the dairk 
it will have the appearance of a fpiral line of fire. If, inftead 
of the fpiral tube, the tin foil be (luck upon a flat plate of 
glais A B C D (Jig. 19), it may be fo formed as to reprefent 
any other figurcf, letters, flowers, &c. 

8. Toprrui that EURricity preftri a Jbort Paffage thromgb 
the Air t§ a long one through good ConduRors. — A B D (fig. 16) 
is a wire about ten feet long, at the ends of which is fixed 
a piece of glafs G, to keep the ends A B at a proper dis- 
tance, and to let them Aide within half an inch of each 
other, if required ; then connect the chains belonging to the 
Aiding wires with the hook of the battery, and the difcharg- 
ipg rod, and fend the charge of the battery through them. 
On making the explofion, a fpark will be feen between A 
and B ; which proves that the electric fluid choofes a ihort 
~pafl*age through the air, rather than a long^ one throogh good 
conductors; for very little of the ele^ric fluid will pafs 
through the beot wire A D B. 
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tube* This inftrament is hStcned to the pillar CD, by m. 
brais ring C. When the air wiffain the tube A B is nrefiedp 
it will prefs upon the water at the bottom of the uA^e, and 
£> caufe ir to rife in the faaadk tube; and the rife and hSk 
of the water iliew the rare6catton of the air in the glab 
tube A B^ which has no cooununication with the exteoud 
air. 

If the knobs G I of the two wires be brought into coci* 
ta£t with each other, and the ring £ or F be ooone^ed wi& 
one fide of the charged jar, and the other ring with the 
other fide, and a (hock be made to pafs through the wtrek, 
the water in the fmall tube will not be at all moved ; which 
fliews that the paflage of the eledric fiuld, through oon- 
duQors fufficiently larg^ occafions no rarefication of the 
air* But if the knobs G I be placed a liule diftaat froos 
each other, and the fliock fent through the wires as before; 
the fpark between the two knobs will confiderably rarefy die 
air, and the water will be fuddenly forced up the imall tube 
quite to the top. 

l«. T^Jbew ibe Courft rftbi eUBric Fluid in the Di/chatgg 
0/ m Jar^ and to make it iPtfihie hy the Star and PenciL-'^Yar 
this purpofe, the jar muft be charged ; then taking the dii^ 
chaigiog rod (/^. 4) without its knobs, prefent one pomt 
within an inch of the knob A (fig. 1$), and the other point 
at an equal difbnce from the outfide coating of the jar. 
By tbefe means the jar will be diicharged filently ; 'and if itss 
infide be electrified pofitively, the point C of the diicharginf 
fod will be illuminated with a ftar, becaufe it receives the 
ele^rk fluid ; and the point B with a pencil, becauii! it gives 
oat the ele^ric fluid to the outiide of the jar ; and if the jar 
be eledrificd negatively on the infide, the pencil will appear 
upon the point C, and the flar upon Che point B. 

13. 7/je ma/vftfai Di/clknjer^'^Thh n anioftrmneat of 
very extenfive ufe, and is compofed of the following paits : 
A is a flat board, about fifteen indies long, four fanMd» and 

one 
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always be made very dry before tbc fire, when it is ufed, 
taking care that it be ^p heated. 

If the jar or battery %l charged with pofitire ele^ridty, 
and it be required to know the exad time that it becoinet 
difchareed, while you lare attempting to charge it rtegatively, 
obferve the moinent the iodez comes to the perpendicular 
ftation, and at that motpeot there will not be the lead fpark 
left in the jar. If the operation be continued, the index 
will again advance alpng the femicircle; and thui(hew the 
<xa6^ quantity of negative cledtricily which the jar has 
acquired. 
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Electiicity was no fooner brought to any^ilegree of 
perfSeAioOy but it was applied to medical purpofeSt For by 
lafe obfervatiuns, it has been found to poiTcls thejnvariable 
{iroperties of ioertafing the fenfiblcS'peripiration, dpickening 
the circulation of the bkiod, and promoting all thegiandular 
fecretions. And among all the variety of cafes in which it 
bas been ufed, there are none in which it has been found 
prejudicial* exi^cpt thofe of pregnancy, and venereal difeafe; 
and there are a number of caies« in which it has bei^n applied 
with confiderable fuccefs. In moft diforders where it haa 
been ufed with perfeverance, it has given at Icaft a tempo* 
rary and partial relief; and in fome caies it has effe^cd a 
total cure. Of which| oumerous inftanccs may le leen la 
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an iDcbf therefore the dedroneter may be notdeverjfmalL 
Sometimes there is a fotlc 00 the wire C £» which ferret I0 
fet the balit B C to any ^?en diftance from each other, with 
more certainty. When tbh inftrameot is ufed, tlie jar itib 
phced, that the bail B may touch the condodor. Tlien, 
fappofe the ball C to be fet at one tenth of an inch diftanoe 
fitMn the bkll B, and tlie eleArometer £ be conncAed to die 
outfide coating of the jar at I by a chain £ I. In this cafe^ 
if the eledrical machine be pat id motion, tiie jar will lie 
charged; and when the charge is {o high, that tiie eledric 
fluid accumulated within the jar, can pafs from the ball B \o 
C, which is here fuppofed to be one tenth of an inch ; the 
difcharge will uke place, the ffxirk will appear between the 
balls, and the ihock will pafs through the chain £1 from £ 
to I ; for the part F D being of glaiii, and generally covered 
with fealing-wax, b impervious to the eledric fluid; there- 
fore, the cle^ric fluid hat no way to pais from the infide . 
to the outfide of the jar, but from the ball B to the ball C, 
and along the wire C £, and Arom thence along the duun 
EL 

When the ek£krical Ihoek it to be adminiftered to any put 

•f the human bocfy (at, for example, to the arm), inflead 

of the chain, which muft now be tj^en away, two finall 

^tiabte wiret £ L^ IL, are to be fiftened, one to the ring £, 

and the other to a hook I, of the fiand H I, which commu^ 

nicatet with the outfide coating of the jar (if the jar have 

.BOt the fiand fl I, Ae extiemi^ of the wire I may be put 

in cootad with the outfide coating /of the jar in any other 

convenient maimer) ; the other end of the faid wiret tt 

itfiened to the bndt wires LL of the dire^rs K L. £ai3i 

diredor confiftt of a knobbed brafs wire L, conneded to a 

^kft handle K, by means of a brafs cap. Then the opera- 

jor, holding the diredort by the extremities of the glj& 

handles, bringt their ballt into oontad with the extremitaai 

4>f that part of the patient't body through which the fiiodc 

jtlobeicnt. Then it it evidenti firomaYiewofthefigni)^ 

4 that 
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the caufe is fometimcs a contra£tion of. the mulclc); ia 
which cafe, elc^ricity has often proved an etfe£tual remedy: 
but the lofs of nx)tion is fometimcs occafioned by a relax- . 
ation, as well as contradion ; as, when the hand is betit in- 
wardly, and the patient has no power to 'draighten it. Ia 
thefe cafes it is often difficult to difcover the real caufe ; but . 
the fureft method is^ to ele^rify both thofe mufdes which 
are contra£ted, and alfo their antagooids ; for no injury caa 
attend eledrlfying a found mufcle. In rheumatic difordersy. 
the electric fluid fhould be drawn from the parts afflided ; 
or the fparks may be drawn from the conductor. 

The operation (bould be continued for four or five mU 
nutes, and may be repeated once or twice a- day. When the 
(hocks are f^rong, their greatefl number at one operatioa 
feldom exceeds a dozen or fourteen, except they be given to. 
diderent parts of the body. 

The ehSrophorus (fig. 2 ) confifts of two plates, from Ox, 
to 18 inches diameter, in genera), and fometimcs much larger. 
The upper plate is generally made of brafs ; but a tin plate.' 
will fervc the purpofe, having a wire turned upon its edge, 
in the common manner ; on the centre of this plate is fixed 
the fockct O, in which the glafs handle I is fixed, which 
is nine or ten inches long. When the eledtrophorus is to be 
of a large diameter, a thin board, covered with tin foil, and 
fufpended by filken firings, will anfwer exceedingly well. . 
The lower plate (only the edge of which could be 
ihewn in the figure) may be made either of gafs, fealiog* 
wax, or the following compofition, viz. — refin four parts, 
pitch three parts, fliell lac three parts, Venice turpentine twQ 
parts, melted together over a gentle fire ; then poured and 
fpread upon a thin linen cloth, about a quarter of an inck 
thick ; the linen cloth is then fl retched upon a hoop, an^ 
made as tight 35 pofiible# 

To charge a jar with this machine, rub the coatbd fide of 
the imder plate with a piece of ^nt new flannel, or a hare, oc 

. cat*s 



balls it always contrary to that with which they arp cbarg^ied^ 
for they do not receive any elcftricity from the wirc^ of tbp 
jar or battery ; for all bodies pbced within the iniiuence of 
ckArified bodies are afiedcd with the contrary ele^icity. 

But .to difcover the kind of eledricity, when the chargp 
is very fmall, inftcad of the pith-btlls, a piece of down/ 
feather (hould be ufed, fufpended by a (ingle (ilken thre^fif 
as H conaes from the worm, or at lead by a very few of thofc 
tbreadsy to render it as light as pofTible. If any ele6^rifie^ 
body be prefcnted to this, the feather will be repelled by it^ 
if tt be of the fame kind with its own, and attracted by it, 
if the clcdriciiy be contrary to it. For this light body, wheo 
ppce ele6rified, either pofuivcly or negatively, will retain 
its virtue a long time, with very littk lofs. 

Notwithftanding electricity might be rendered fo gene- 
rally ufcful in the application of it to medical purpofes, yet 
it is frequently found to be ineffeflual, where it might be 
cxpeded to prove the mod falutary, which is very often the 
t&€t of ignorance in the operator ; for many perfons, parti* 
cularly in the metropolis, undertake to adminifter ele6lricity, 
#ho are entirely deflicute of any medical knowledge, and, 
confequcfltly, of the caufe and (ituation of diforders; hence^ 
the failure of it is owing, generally, to an error ia the appli- 
cation. 



The Technical Terms ufed by Writers en EleBrkUy^ 

Battery^ cicatrical, a number of jnrs combined together, 
to be all charged and difchargcd at the fame time, (Jig. xa, 
fiati 20). 

Charging^ throwing an additional quantity of elcftric fluipl 
upon one fide of a plate of glafs, or a jar, while the Ofhef 
fide is exhauded in the fame proportion. All eledrie fub* 
fiances may be charged as well as glafs. 

Circuity thofc Goadu£ting iubdaoces ufd^d tP fiowtSi t^ 
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/W4 the appearance of the eledric fluid 1 ffuing froim the 
pomr •£ a bcxiy, electrified pofitively. 

.8tW9 ik^$fftinnce of the elearicjoid HTuing from the 
point of a body, ele6h-i€ed negatively. 

SA^ek^ eUBric^ the convulfion given to the animal mnfclea 
by the difcharge of a jar or battery. 

Wirt •/ a jar^ {^r. the wire Of netal rod which touches 
Che iofide coating of a jar, &c. 
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CHAP. XVII. 
OP PNEUMATICS, 



S E C f . L 

OP TRfi PROPERTIES OF AIR. 

Pneumatics is ^t part of natural philofophy which 
treats of the weight, prcflure, and ebilkity ot the air, with 
Che eflt^ arifing from them. 

The air is that thi *, tranfparent, fluid body which fur* 
rounds the whole earth to a confiderable height ; and which^ 
together ' with the clouds and vapours rhjt fl>nt in it« is 
called the atmofphere. That the air is a fluid, is evident 
from the folJowi^g properties, which it poflieflcs 10 common 
with all other fluids : viz — t. Ic yields to the leafl force 
imprcfled on it.— -a«,Itfr parts- are cafily moved ambng one 
aaother*— 3. It prefles acoordbg to j|s perpendicular he^ht. 
•^4« Aad ita pceflnre is evei]|; way cijpal. 

sr*»; But 
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an tlaftic nature, and capa(ble of being comprciled into a 
kfs I'pace, for the lowermoft parts of the atnofphere, being 
ptefled with the «i eight of all that is above them, muil con« 
fcqaently be rendered more denfe aud compad at the earth's 
farface than at any height above it. And that air^ towards 
the Uj^per part of the atmofphere being Jefs prefled, u con- 
fequently lets denfe and compa^ than that near the earth i 
for the denflty cif the air is always as the force that coroprciTes 
it. The following table given by Dr. Cotei, (hews that the 
rtiity of the air at a diftance from (he earth's furface increafes 
in a geometrical proportion, while its height from the eartk 
increafes in an arithmetical ptoportion: 
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of the earth the air J 
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From this table it appears, that at the height of fcTcn 
miles from the earth* the air n four times rarer and lighter 
^n at the earth^s furface ; at 4he height of 14 miles it b 
16 times rarer and lighter; at ai miles, 64 times rarer, &c. 
From hcfioe it may be proved, that a cubical inch of fiich air 
m tve breaths^ aear the cattii's forfim^ would be to much 
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fveight un each fquare foot, gives 12,043,468,800,000^000,000 
pound.<, for the prcflurc of t. e whole atmofphcre. 

AH common air is imprcgniued with a certain kind of what 
is called vivifying fpir it ^ which is eflcntial to prefervc animal 
life ; and in a gillon of air there is enough of it for one man 
during the fpace of a mnute, but not much longer. This 
fpiiit is alio in that air which is in water, as appears by the 
fi^ dying, when they are excluded from frelh air, as in a 
pond iha: is frozen over. 

This fpirit in air is loft by pafling through the lungs of ' 
any ani.nal, and is the reafon why an animal dies fo foon 
%vhen d prived of frcfli air. The little eggs of kife^s, alfo, 
when ftopped up in a glafs, and excluded fiom the air, do not 
prodiice their young, though tlicy be afTiitcd by warmth. 
The lecds alfo of plants, though mixed in good earth, will 
not grow if rhey be deprived of air. 

The vivifying quality is alfo deflroyed by the air pnif. 
ing through fire, particularly charcoal fire, or the flame of 
fulphur. 

Air may alfo become vitiated, by being clofely confined 
in any p'ace for a confiderable time, or Ijy bemg mixed with 
malignant (leams : and laftly, by the corruption of the vivt* 
fying fpirit ; as in the holds of fliip5, in oil cifterns, wine 
cellars which have been (hut fome time, or brewers vats. 
In any of them, the air may be fo much vitiated as to be 
immediate death to any animal that enters them. 

When the air has loft its vivifying fpirit, it is called damf^ 
bccaufe it aboun'is with humid and moift vapours, arfti 
becaule it dendcns fire, ext:ngni(lies flame, and djftroys life. 
The effe6ls of thefe damps are fufhcicutly known to thofc 
who work in mines. 

When part of the vivifying fpirit of air in any country 
begins to putrefy, the inhabitants of that country will be 
fubje6l to an epidemical difeafe, which will rage til! the 
putrefaftion is over. And as the puti*efying fpirit occafioM 
the difeafCi fo if the difeafed body contributes towards the 

putrefa£tioA 
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Wards that part which is moft heated hy the fun. But the 
courfe of the fun being frorti eaft to weft, with refped td 
the earth, the common courfe of the air which fuppHes the 
place of the rarefied air mud be in the fame direction, vis. 
from eaft to weft ; but on the north fide its courfe will be 
direded a little towards the north, and on the fouth fide as 
much towards the fmith. 

This would be the general courfe of the wind about the 
equator, if it were not affeded by other caufes, which change 
its diredion: as, i. By exhalations that ariie out of the 
earthy at different times and different places, occafioned by 
fubterraneons fires, volcaiipes, &c* ; ft. by a fudden inuoda* 
tion of rain, which Caufes a cootra^ion of the air; j. by 
the violent heat of fome burning fands, which caufe an 
extraordinary rareficatioo of the contiguous air ; 4* by high 
mountains, which alter the diredioo of the wind ; 5. bjr tho 
declination of the fun towards the north or fouth, thereby 
caufing a greater heat in the air on the fame fide of lh« 
^guator. 

Thefe are the principal cauies which create fHch a great 
variety and uncertainly in the winds in moft countries dif« 
tant from the equator ; as, i. The variations of the windt 
in the different parts of Europe ( a. the monfoons which are 
found in the Indian feas ; 3. thofe winds which always blow 
from weft to eaft, on the weftern coaft of America, and otk 
the coaft of Guinea; and the fea breezes, which, in hoit 
countries, blow from (ea to land in the daytinae ; and the 
land breezes, which blow towards the fca in the night | and 
all thofe other irregularities in the wind, as ftorms^ whirl** 
^ viods, Unrrictni^ te* 
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iphere, before the fennentation talces place ; but when it is 
more denfe, it will hover near the furface pf the earth, where, 
when an explofion takes place, the fire is viiible, and often 
dangefous; the explofion alfo has a violent force; and the 
heat being great, will rarefy and drive away all the adjacent^ 
air, kill men and cattle, fplit trees^ rocks, &c. 

Lightning differs from all other fires ; for it has often been 
known to pafs through wood, leather, cloths^ and t>ther 
fubflances, without hurting thera ; at the fame time melting 
iron, ileel, filver, gold, and other hard bodies. It has melted 
or burnt afunder a fword, without hurting the fcabbard ; 
and melted money in a man's pocket, without hurting hif 
clothes* So fine are the particles of this fire, th^t they p^b 
through foft, loofe bodies, without injuring them, and fpen4 
their force upon thofe that are more deqfe. 

Any ftcel inftruments, as knives, forks, ^c. that have 
been firuck with lig^htning, have a firong magnetic virtue^ 
which they retain many years. The lightning firiking the 

^mariner's compafs has often turned it quite round, and made 
it fiand the contrary way, that is, with the north pole towards 
the fouth, 

Thofe explofions which fometimes happen in mines, and 
called fire damps, are of the fame nature with lightning, 
and occafioned by fulphurous and pitrous vapour rifing 
from the mine, which, mixing with the air, take fire from 
the lights ufed in the mine. This fire, when once kindled, 
continues to run from one part of the mine to another, as 
:the combufiible matter happens to lie ; and as the elaflicity 

• of the air is increafed by the heat, the air in the mine will 
fwell confiderably ; and, for want of room, will at length 
explode, with a degree of force equal to the violence of the 
fire, the quantity of effluvia, and dentity of the vapours^ 
This is fometimes fo (Irong as to blow up the mine ; at other 
times it is fo weak, that when it has taken fire it m^y t>^ 
cafily blown out. 

Tt z A(r 
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The air-pumpf with all itt apparatus, is fhewii (fig. i^ 
fl0ie aa)9 where LL is the plate, on which is placed a wet 
le&ther, and the large glafs receiver M, placed upon the 
Jeathrr, fo that the bole i io the plate may come within the 
glafs* Then, by turning the handle F (fig. s), the air will 
be pumped out of the receiver, which will be held down to 
the plate by the force of the extemai air or atmofphere. For^ 
M the handle F is turned backwards, or towards D, it raifei 
the pidon 4e in the barrel B K, by means of the wheel £, 
and rack work D and C ; and as the pifton is leathered fo 
tight, as to fit the barrel exadly, no air can get between the ] 
pifton and barrel, and therefore all the air «bove J^ in the 
barrel, is lifted up Awards B, and a vacuum is made in the 
barrel from ^ to r ; upon which part of the air in the receiver 
lid (fig. i), by its fpring, ruihes through she hole i in the 
brais plate L L, through the pipe G C O, which oommuni- 
eates with both barrels, by means of tbe hollow trupk I H C 
(fig>^)% and puihing up the valve ^, enters into the vacant 
place be of the barrel B K. For wherever the refiilanoe or 
preflinre of the air is diminiihed, the air will mn to th4t 
place, if it can 6nd « pafiage. Then, if the handle F be 
turned the contrary way, the pifton Jf will be lowered in 
the barrel ; and as the air which came laft into the barrel 
cannot be puflied back through the velve ^, it will afcend 
through a hole in the pifton, and make its efcape through a 
^Ive at d ; and by that valve be prevented from returning 
intone barrel, beiow the pifton. At the next raifing of the 
|>ifton, a vacuum is again made in the barrel, between h and 
/, as before, when more of the air that is left in tbe receiver 
M (fig. i) efcapei by its fpring into the barrel BK, through 
the valve b* What is here exfiilained concerning the barrel 
B K mnft be trnderiloodwith regard to the mother barrel A !• 
And as the handle F is turned backwards and forwards, it 
laifes and depreffes the piftons in each barrel alternately, 
l9ttog enei while it depreiies the other. And as there is a 

vacuuni 
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the quick ill ver in the veiTcl : and if the receiver could be 
perfe^Iy exhaufled of air, the quickfilver would (land at higU 
in the tube, as it does as that time in the barometer ; for the 
quickSlver in both cafes is fupported by the fame powe^ 
yjz. the weight of the atmofphere on the quick£lver in the 
open veflel. 

Every turn of the handle F exhaufts a portion of air from 
the receiver, and confequently raifei the quickfilver in the 
tube ; and the afcent of the quickfilver b always proportion- 
able to the quantity of air exhaufted ; and the quantity of 
air remaining in the receiver is proportionable to the defeft 
of the height of the quickfilver in the gauge, from its height 
in the barometer. 
' There are feveral experiments made with this air-pump^ 
to fliew the refilLance, weight, and elailicity of the air. 

The refinance of the air is meafured by a fmail machine, 
having two mills, a and b (Jig, 3), which are of equal 
weights, and each turning freely on its own axis, independ* 
ent of each other. Each mill has four thin fails fixed to itt 
axis ; thofe of the mill a have their planes at right angles to 
its axis; and thofe of b have their planes parallel to it. 
Therefore, when thefe mills turn round in common air, the 
mill a has but little refinance from the air, becaufe its fails 
cut the air with their thin edges ; but the mill b is greatly 
refilled by the air, becaufe it expofcs the whole plane of its 
iails againft the air. In each axle is a fine pin near the middle 
of the frame, which goes quite through the axle, and (lands 
out a little on each fide of Jit. Upon thefe pins the Aider d 
is made to bear, to hinder the mills from going round, when 
the flrong pin C is fet on bend againft the lower end of the 

pins. 

Set this machine in motion, by drawing up the Aider d toi 
the pins on one fide, and fetting the fpring C on bend at the 
oppofite ends of the pins ; then puAiing down the Aider d^ 
the fpring C, afting with equal force upoa each mill, will 

fet 
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16 grains lefs than when it was full of air> when the quick- 
filv^ ^nds at 29^ inches in the barometer. 

If the receiver O ffig i ), or M^ be placed over the hole / ib.^ 
the pump plate, and the air be exhaufled therefix>m, this fmall 
receiver will be prefled down to the pump plate, by the 
weight of the atmofphere, which will be found to be equal 
to as many fifteen pounds as there are fquare inches in that 
part of the plate which the receiver covers ; and which will 
hold . down the receiver fo fafl, that it cannot be removed 
until the air be let into it, by turning the cock k^ when it 
will be perfe6tly loofe. 

Place the fmall glafs A B (fig* 5), which is open at both 
ends, over the hole /, on the pump plate L L (fig» i ) ; and 
having put your hand clofe upon the top of it, at B, ex- 
hauft the air out of the glafs, and your hand will "be preiled 
down upon the glafs with a weight equal to as many times i { 
pounds as the end of the glafs B contains fquare inches^ 
at before. 

If a piece of wet bladder be tied over the end of the glafs 
(fig. 6), and, when it is dry^ the glafs be exhaufled of itt 
air ; the outer air will prefs upon the bladder, which will 
have a fpherical concave figure, and will grow more concave 
as more air is pumped out of the glafs, till, at length, it 
will break with a report as loud as that of a gun. If, in- 
ftead of the bladder, a flat piece of glafs be laid on the top 
of this receiver, and joined to it by a ring of wet leather 
between them, to exclude the air upon exhaufling the air out 
of the receiver, the prelTure of the outward air will foon break 
the flat piece of glafs to pieces. 

Let the two brafs cups A and B (fig. 7) be joined toge* 
ther with a wet leather between them, having a hole in the 
middle of it ; then fix the end of the pipe D into the hole 
> of the pump plate, and exhauft the air out of them, hav- 
ing turned the cock H, which permits the air to pome 
through the pipe C D. Then turn the cock £ again, to 
Vol. II. U u keep 
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keep out the air> and uofcrew the |Hpe D from the pomp 
plate, and fcrew on the handle F ; then it will reqaire a 
great force to puli thefe two cups afuoder; for if this dt«* 
meter of the cups be four inches, they will be preiled to- 
gether, by the external air, with a force equal to 190 pounds. 
But if they be put under the large receiver M (/^. 1), and 
the air exhaufted out of the receiver^ they will fill afooderp 
having no external air to keep them together. 

Place the veiTel A (fig. 8) on the pump ptatCt hariii^ 
fome quickfilver in it, and cover it with the receiver B» iq 
which is inferted through the collar of leathers, in the braft 
Deck C, the tube J e open at the lower end ; then exhauft 
the air out of the receiver, and it will alfo be exhaufted out of 
the tube. When the receiver is fuffieiendy exhaufted, pofli 
down the tube, fo as to immerfe the lower end into the 
quickfilver. In this experiment, though the tube be cx» 
hauiled of air, yet none of the quickfilver will rife in il^ 
becaufe there is no air in the receiver, to preft upon in 
furface ; but if the air be let into the receiver, by the cock 
k in the pump plate, the quickfilver will immediately rife 
in the tube, and ibnd nearly as high as it does at that tine 
in the barometer. 

This experiment (hews, that the quickfilver is fupported 
in the tube, merely by the prefiure of the air on id furface^ 
in the open veiTel, in which the tabe is immerfed; and that 
the more denfe and heavy the air is, the higher the quick- 
filver rifes ; and, on the contrary, die thbner and lighter the 
air \%, the lefs it will rife. This is the reafon why the quick* 
filver in the barometer falls before rain or fnow, and hlct 
before fair weather ; for, in the former caie, the air is too 
thin and light to bear up the vapours ; and in the latter 
cafe, too denfe and hea\y to let them fall. 

Ncte. In all experiments made with mercury, by the air* 
pump, there (hould he a (bort pipe fcrewed in the hole i of 
the pump plate, fo as to rife about an inch above the plate, c# 

prevent 
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prevent any quickfilver from getting into the au:*|^pe apd 
barrels ; for, (hould any get loofe into the pipe or barrelti it 
fpoiU theoQ, by loofeoiiig the folder, and corroding the braft* 

To fhew the elafiicity or fpring of the air, fcrew the pipe 
A (fig. 9) into the pump plate, and place the receiver O 
Hy upon the plate c d^ which is fixed to the pipe, and ex- 
bauft the air out of the receiver \ then turn the cock f, to 
keep out the air, and unfcrew the pipe from the pump, and 
fcrew it into the mouth of the copper veflel A {Jig. io)t 
which is half filled with water. Then, upon opening the 
cock r, the elafticity of the air which it confined in the 
upper part of the copper veflel A, will force the water up 
through the pipe A B in a jet or fountain, into the ty^ 
faaufted receiver. 

There are a great number of other experiments to be mado 
with this ufeful machine, the ur-pump, as: — x. To (hew 
bow neceflary air is for the fupport of animal life ; by put* 
tiDgany fmali animal under a receiver, and exhauHing the air. 
%. The different effeds it has on different bodies ; by increaf- 
lag their gravity. — 3. How long it will fupply flame or fuel ; 
by putting a lighted candle under the receiver. — 4. The 
property of air in conveying found ; by putting a bell under 
the receiver, and ftriking it when the a'u: is exbaufled, &c. 

2* Of the Barometer. 

This is an inflrument ufed for meafuring the weight of 
the atmofphere, foretelling the changes of weather, and 
meafuring the height of mountains, &c. 

The common barometer is formed of a glafs tube, her- 
tnetically lealed at one end, and filled with quickfilver. 
defecated, and purged of its air. The open end of the tube*^ 
it then immerfed in a veflel of quickfilver; and by the 
preflure of the atmoff^ere on the qyickfilver, in the open 
veflel, the mercury in the tube will rife to the height of 

U u s twenty 
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rv^eotf-fuoe icicfaes md z hilf, when the weight of thetfmo- 
tbb^re u sc z iGem ra:e. Whea the wetght of the atnxH 
Ipitim: b great**^, tbcn die mcfcory in the tube will rife 
hrgbcr ; 2xxd when the weight of the atmofpbere is left than 
13 racan we^ht, the mcrcniy in the tube will fill knrer. 

Tf imjErmS the B^r^meter, Being provided with a glafs 
tube of ooe tlurd or one half of aui inch wide (the wider 
cbe better), and about thirrr-feiir inches long, being dofe 
az lOc tofs or hermeticaSlT feared, poor into it well purified 
tlBkkiiEvcr, with a finall funnel, of either glafi or paper, 
uil k »aat5 about half an inch of being full ; then (lopping 
k cloi'e with the ti'iger, invert it fiowlj, and the air in the 
cospCT pirt will airend gnduall)- to the other end, and col- 
lect Lz iu W3J any unail air -bubbles, which will unavoidabij 
get in, in nitiog the tube : then again invert it : and thus 
continue to invert it feveral times, turning the two ends al- 
tcmateir upwards, till all the air-bubbles are colleAed, and 
brought up to the open end of the tube ; then the tube wiH 
appear like a fine po!ittied lieel rod, irithouf a fpeck in tL 
Then pour in a littie more quickuKcr to till the tube quite 
up, aad flopping the open end of the tube with the finger* 
i.i«ert the tube, ar^d inrj;;cr!<: the finger and end of the tube* 
:':.js froprc^l, into a balbn of purified quickfilver; wirhdrav 
the r::is;:r, i::a rl.c n:crcurv u*i!l dclixnd in the tube to 
fvxr.cr n'ice b^txrc'::: 2S aad ji inches above the mercury in 
:'..i opt^n wtTe?, as thefe are the limits between which it al« 
v.2y> liaiida in this country, on the common fnrfaoe of the 
ear:h. Meaiiiie rrom the furface of the quickfilter in the 
o;jcn vetrd. :o the height of twenty-ei^ht inches, and alio 
;o th^ :if igh: 01 cnirty-or.c inches, dividing the three inches 
l<r'.wecnthefctwo numbers, into inches and tenths of an inch, 
\vh oh aic nurkcd on a Icale placed againft the fide of the 
rvibc : and the tenths fubdivided into hundredth parrs of an 
i:K >, *jy a u ding index, carr}'iog a verKier or n§niusn Thcfc 
three i:;ches, betM*een twenty-eight and thirty-one, divided 

thus, 
I 
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thns,^ will anfwer all the puqx>^<^s ^^ ^ (lationary or chamber 
barometer ; but for experimedt on altitude and depths, it it 
necefTary to have the icales continued higher up, and a great 
deal lowei. 

Several precautions are neceiTary in filling the tube, and 
fitting up the barometer* as: — i.The bore of the tube 
fhould be pretty Wide^ to allow a free motion to the quickfil- 
vcr.— ^.Thc bafon at bottom flioold alfo be pretty large^ 
that the furface of the mercury in it may not fenfibly rife 
or fell with that in the tube. — 3. The bottom of the tube 
ihould be cut off rather obliquely, that, when it refts on the 
bottom of the bafon, there may be a free paflage for the 
quickfilvcr. And, ladly. It id beft to boil the quickfilver 
in the tube, which will expel all the air from it, and render 
it very pure. 

This inftrument owes its invention to Tcricellty the difciple 
of Galileo, who lived about the beginning of the feventeenth 
century, and who having difcovered that water could not be 
raffed in a pump unlefs the fucker was within 33 feet of the fur- 
face of the well, dcfired Toricclli to inveftigate the caufc of it. 
After fome time, Toricclli difcovered, that the preflure of the 
atmofphere was the caufe of the afcent of the water in the 
pump; and that a column of water, 33 feet high, was the 
juft counterpoife to a column of air of the fame bafe, and 
which extended up to the top of the atmofphere: and this 
was the true reafon why the water did not afcend any higher. 
He alfo difcovered, that a column of quickfilver, about 2 { 
feet high, would be a counterpoife to a column of water of 
the fame bafe, and 33 feet in height ; as quick Blver is 
nearly 14 or rather 13. 6 times heavier than Vater. This 
fuppofition he foon verified, by filling a glafstube with quick- 
filver, and inverting the open end of it into a bafon of the 
ifune> when the mercury defcended till its height above that 
in the bafon was above af feet, jufl as he expe^ed. 

It 
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Ic vas noc nQ ifber feme omc, dnt it was diibovemlt tbaC 
pnciTttre oi air was ▼ariooi at il Ufacut times. Tbk, 
kowcvcr^ was do Ibooer node known^ tkm k was alio ob» 
lenred, that the Tanatioos in the m er c a iia l colomo were al« 
vajY fiyrrfdrd bj ccitain chaages io the weather, mb rain, 
viflid* iaaw, &c. Henocy this in ftram ent wai iboo ofcd as 

fiMTtrtling the change of the waaher, and oq 
obiamed the irune of v K miA e w ^ i afs^ at it did 
of barocBcfiBr* fnxn its being the mcafore of the weight 
or in c Cai e or the air. 

The phenooBdia of the barometer are fo wwnom^ chat au- 
thors have Boc jet agreed opoa the canfet of them ; nor 
k the nie of if as a wruher-gb& jet perfedVy afcertuntd; 
Ihiiqgb dulj ofaicrfatioos lead us ftill nearer to ptedfioife 
The modb genera! mlts tor judging of the weather are 
dfeo£e dehvetcd by Mr. Fsirkk^ which are c flc emcd the heft 
^ aajy. sod are as f oUow : 

I. The rifiog of the mercnry preiagesy in general, hit 
w tjrh er : sod its fiiiin^ Ibol weather, 9i rain, {mow, high 
wuM&^ and ftoras* 

a« In iverr hot weather, the fadltng of the mercury in<B* 
cates thunder. 

3. Li winter, the rifing pce iag c s froft : aod in frofij wca* 
rher, if the mercurj foils three or four ditriiionty tbeiw 
wilt certatal J follow a thaw. But in a cooDoued froft, if thtf 
CBercitrT riles, it will certaiolj fnow. 

4. Wbcn lonl weather happens foon after the falling of 
the KDcrcurj, capeck but little of it ; and, on the contrary, 
opef^ bot lit;le fair weather, when it proves fair (hortky after 
the mercury has riicn. 

5. In foul weather, when the mercurjriies much and high, 
and cootiaues fo for two or three days befofe the feul wea* 
ther b oY«r* then eapeift a cooiinuaoce of fiur weather ta 
fcilcw. 

6. In 
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6. In fkir weather, when the inercary fialls much and iow^ 
and continues fo for two or three days before the rain comely 
then expe6^ a great deal of wer, and probably high winds. 

7. The unfettled motion of the mercury denotes uncertMa 
and changeable weather. 

8. You are not fo ftri6kly to obfcrvc the words engraved tm 
the plate, as the m^rcury*s riGng and falling: though, is 
general, it will agree with them. For, if it ftand at tte 
li^ords, Much Rat\ then rifes up to Qhangeable^ It prefagef 
Aiir weather ; though not to continue fo long as if the mer* 
eury had rifen high : and on the contrary, if the merau^ 
ftood at Fairy and falls to Chmngeahhj it prefages foul weather; 
though not fo much of it as if it had funk lower. 

Upon thefe rules of Mr. Patrick^ Mr. R§vMiug remaiks, 
that it is not fo much the abfolute height of the n>ercuryiil 
the tube that indicates the weather, as its motion up ao4 
fdown ; therefore, to pafs a right judgment of what weather 
is to be expedted^ we ought to know whether the mercury if 
afhially rifing or falling ; to which end the following rulcf 
fiiould be obferved : . 

9. If the furface of the mencury be convex (ftandiiif 
higher in the middle of the tube tha^ at the Odes), it is t 
^gn that the mercury is then rifing. 

10. But, if the furface be concave (or hollow in the mid* 
die), it is then (inking. 

11. If it be plain, or rather a little convex, the mercury is 
ftationary ; for, mercury being put into a gUfs tube» efpe^ 
cially a fmall one, naturally has its furface a little convex; 
becaufe the particle of mercury attract each other more > 
forcibly than they are attra^ed by the glafs. 

I a. Sometimes the mercury will (lick to the fide of the 
tube ; therefore, when an obiervation is to be made with 
fuch a tube, the tube (hould be (haken a little ; then, if the 
air be grown heavier, the mercury will rife about a twentieth 
of au inch higher : but if the air be lighter, it will fink as 

much :' 
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mtt r vxt lie vies 
-iiz^sr- -vcncn. ▼til ^v^ lie hibtziey a see 

i-^ jx s^'ates-. 'inriQTr nnt bictttil, ±c nUea ^Zio^ of 

^ mc 'jL jnxxnusv ^ U'.iiiiri- ^cskt fco wci s, and 
Hxa. X a*v39^ iiuBi Jsnneft of ill for p^eat 



:iMixi^ 3CE ■: ■un i jffl' ii tftt wn rami Mr wind and 
3BB tDipsnev £ sill mirs :i£si tbr cbc&tr g^ them alooc 
ihfiu. iK. iixer rtin^ t3E «*jxil dracp iaoLa vay port of the 

XhQu 'vrci z liar sni in; Ji^. msti xat ntscory rife, it is 

oy ^nc ianam cf wimA p «bca the mercanr has 
It . miiiiiwfii rmi wj ciaL In Urtttcd, £ur, and 
inr J i wjriig;^ eyn bnc icdc rsz, esfcpc the barometer 
ink maci = sr a -nnJ. i^^icsg :hea, only denotes a litt«e 
<Er a dear «r«^ at ns ; aod the mercurf iboa rifes 
3»o dxBcr ftatiaa. In a vet ieafen, fuppofe in hay- 
cine Boi aatmct, ^e trmrjrit £nling cf the mercury muft 
ae irrii'gtf^ iar, vbes ^e m e-fcu sion of the air is much in- 
cbnas za &7aren« a fCLe inkio^ then denotes more rain, as 
ac *ev^cr =:er. iT=T.:?i rrrr iuffi i and it in luch a ieafixi k 
JnArrrfy, very fiut ai>J bz^ exped not £nr wetther 
;a.:T X <^T cc mo^ but rather that the meirory will 
Ck5 ajaJA very iJDoc, acd rain immediately to folkyw : the 
dov prmsoiL riEng, and keeping 00 for two or three days, 
bees ™^ -^ be ciepesdedoQ for a week's fair weather ; and 
tae ucietrcd cite or the quicklViTer always denoting uncer* 
?i^ led fh.-geab c weather, efpecially when the mercuiy 
limds any where about the word Cbam^eahlf on the (calc. 

I :. The greateit heights of the mercury in this country 
are r.-und upon easier ly and nonh-eafterly winds; and it 
may often rain or fuow, the wind being in thofe points, and 
the barometer iiak little or oonc, or ro^y even be in the 

_ riling 
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rifing (late the effect of thofe winds cxHintera^Hogj But the 
mercury ftaks fbr wind as well as rain in all the other pointi 
. of the compafs ; but rifes as the wind fliifts about to the 
Dortby of to the eall» or between thofe points i but if the 
baroHDetcr (hould'Gnk, with the wind in that quarter, exped 
it fooa to ehange from thence ; or elTe^ fliould the h\\ of the 
mercury be nnuch, a heavy rain is likely to enfue. 

i6. The barometer being lower^ ar d continuing fo Jooger 
than wbat,can be accounted for^ by immediate falls, or (lormy 
weather, indicates the approach of very cold weather for the 
feafon ; and alio cold weather, though dry, is always ac« 
companied by a low barometer, till near its termination. 

17. Warm weather is always preceded, and moftly accom* 
panied, by a high barometer ; and the rifing of the barome- 
ter, in the time of cold weather, is a iign of the approach of 
warmer weather : and alfp,< if the wind be in any of the cold 
points, a fudden rife of the barometer indicates the approach of 
a foutherly wind, which, in winter, generally brings rain. 

The barometer is alfo found to fink in a certain ratio t6 

itt diftance from the furface of the earth : it is, therefbrty 

ufed for meafuring any accelTible heights. Various rules 

hare been given by writers on the barometer, for applying it 

to this purpofe, or computing the height afcended, from the 

fill! of the mercury in the tube, the moft accurate of which ta 

that of Dr. Hal ley, now greatly improved by De Luc, by in* 

traducing into it the corre6tion of the columns of the mer« 

cury and air, on account of heat, with other correftions and 

modifications. This rule is as follows, viz. 10,000 X 'logarithm 

M 
of '^ is the altitude in fathoms, in the mearr temperature 

of 31 degrees; and for every degree of the thermometer 
above that, die refult muft be increafed by fo many times its 
43 jth part, and diminifhed when below it. In this theorem 
M denotes the length of the column of mercury in the ba- 
rometer tube at the bottom of the hill or emiaeace ; snd m 
Voj(,. II« X X . denotes 
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denotes the fame at the top of the hill or emtnence ; and it 
is to be obferved, that the refalt is always in fithoms of fix 
Englifli feet each. 

As the fcale of variation rn the barometer is but froali^ 
being included within three inches^ yiz. from s8 to 31 
inches, feveral contrivances have been devifed for eokrging 
the fcale, to render the fmali variations of the mercurj more 
appsu-ent ; this has given rife to the invention of b many 
different kinds of barometers :— -a fiew of the moft improved 
are the following : 

I. The Diagonal Barometer. 

This is a method of enlarging the common fcale of three 
inches perpendicular height, by extending it to any length, 
B C (fij^, 11), in an oblique direction. This barometer wti 
invented by Sir Samuel Moreland. The perpendicular height 
of the diagonal part B C, is equal to the fcale of variation 
of three inches, or C I ; and confequently, while the iner> 
cury in the common barometer rifes the whole length of the 
fcale, which is three inches, and equal to 1 C ; in this bare* 
meter it will move from B to C : thus the fcale is enlarged 
in this barometer, in the proportion of B C to I C. But it 
is found, that the diagonal part B C, cannot be bent finom the 
perpendicular, more than in an angle of 4$ degreeSy which 
increafes the fcale only in the proportion of 7 to {• This 
form is liable to fome inconveniences, on account of the ob- 
liquity of the part B C, which makes the mercury frequent- 
ly divide into feveral parts, and renders it necelTary to fill the 
tube again. 

2. The Horizontal Re6iangnlar Barometer. 

This barometer (fig. 12) was the invention of 7^* Ber- 
npulli^ and Cajpni, and confifts of a tube A C D F, fealed at 
the upper end A, and bent to a right angle at D; the end 

F befog 
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F being open. The mercury, in this, (lands in both legs 
from £ to C. The fcale of variation from D to F, is here 
made larger ; and it is evident, in moving three inches from 
A to C9 it will move as much more in the froall leg D F, as 
the area of the tube at A C is greater .than that of D F : 
wherefore the motion of the mercury at E muft be very 
fenfible. Though the end of the tube F be open, yet the 
mercury cannot run out, being oppofcd there by the prei* 
Aire of the atmofphere. This inftrument is founded on that 
theorem in Hydreftatics, that fluids of the fame bafe prefs 
according to their perpendicular altitude, and not according 
to the quantity of their nuitter. So that the fame preiTure fuf- 
tains the quickfilver, that fills the tube A D F, and the df' 
tern C^ as would fuppon the mercury in the tube alone. 
This form is, howevipr, liable to fome inconveniences; for 
the attrition of the meitury againft the fide of the glafs, and 
the quick motion of it in the part D F, is apt to break the 
mercury, and render its motions unequal : it is alfo apt to 
be thrown out at the open end F, by any fudden (hock. 

3. Dr. Hook's Wheel Baromker (Tig. 13). 

This barometer tube has a large ball A at the top, and it 
bent up at the lower end, which is open, where an iron ball 
floats on the top of the mercury in the tube, and which ball 
is conneded to another ball H, hanging fireely over a pulley, 
and turning an index K about its centre. When themercury 
rtfes in the part K, it raifes the ball, and the other ball H 
defcends, and turns the pulley with the index round a graduated 
circle from M towards N ; and the contrary way when 
the quickfilver and the ball fink in the bent part of the 
tube. This fcale is eafily enlarged 10 or 12 fold, being in« 
created in proportion to the axis of the pulley to the length 
of the index K. If this inftrument could be conftrufled 
without any (hdion of the pulley and axis, it would anfwer 

X X a extremely 
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T veil ; hr^ ebc fhoioa ofteo obftruds the modoo 
cf tijc quJckfclrcr. 

4. ilfr. CafwsWs Barofcope, or Barometer. 

This mfcmnKnt ii the moCb uict'ul of aaj, for enbrgiDg the 
fizlc of vanatioa, and at the fjir.e time being the mod exaft« 
A B C D r/[;. 14) b a bucket of water, in which is the 
baroCrope, xrkufas^ which coofifts of a bodj xrfm 
and a tube, ri«#, which are both coocaTe cylinders, made 
of ran, or rather glaU, o^mrcuaicating with each other* 
The bociom of tbe tube, i^ «, has a leaden weigh: to fink h, 
fo that the top of the body of the borotcopc, or barometer, maty 
fvim jad even widi the farface of the water, by adding the 
weight of a few grains to tbe top. When the inflrument i& 
foRxd with its mouth dovrciwards, the water afcendt into the 

m 

tcbe Co the height of «• A fhaall concave cyUnder or pipe it 
aided to the top^ to keep the inftruoieat from finking Jowi^ 
to the bottom, s ^ is a wire, m S and di are two thready 
obliqiie to the farface of the water, which anfwer as diagonabj 
for whUc the inftmrnent finks, more or lefs, by an alteration ia 
the grariiy of the air, where the fnrface of the water cno the 
thread, ihcR; ii fbnned a iaaaW bubble, which a&eadi np 
the thready while the meicnry of the commoa bewfaapr ^ 
ceodi i and wiW vurftu 

Tht» iaflrucDcttt, a* tbe author has flbew% suvhilheaU 
teriMa ia fhe air \toa times more accivaiclf iken th* 
commoo b^womacer. The bubble oa the thicad wiU irldoai 
ihod itili a ouflMMc, A fmail baft of wind, nhieh riain 
be heard in a ca^unbtr, ibiil make it fiitk iJNifiWy a >B<i tvcn 
a cloud paSog ^^^^ if always tnakca ii dcfeend* 

The cc.Timon iarmmettr^ or tuemshtw^gt^f^ VkvJMtf filled 
i:p in a t,c2,x mabogany I'ra.ne ; and cooiilb of tbe cohiokml 
tube barometer, with a thermometer by the fide of it,, aod 
a hygrometer at the top^ 

7hf 
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The Air-gun. - * 

This inftrnment is an ingenious pneumatical invetition^ 
for driving a bullet, with great violence, bj means of con-, 
denfed air, forced into an iron ball by a condcrtfor. 

The condenfor (fig. 15) has at the end a^ a male fcre% 
on which the hollow ball h is fcrewed, in order to be filled 
with condenfed air. In the infide of this ball there is M. 
valve, to prevent the air from efcaping (afrer it is injeded 
into it), until it be forced open by a pin, a {fig, 16). 

When the air is to be condenfed into the bail, place yoaf 
feet on the iron crofs, h b^ in order to hold down the piftoa 
rod dc ; then lift up the barrel e ahy the handles / /, until the 
pii!on c be brought below the bole e ; the barrel a c and bait 
I will fhen be filled with air through the hole e. Thea 
ithruft down the barrel a /, until the pi(lon//r reach the nedp 
pf the iron ball at a ; then all the air between # and a will 
be forced up through the valv^ into the ball ; and when 
the haodtes / / are again hfted up, the valve in the ball wifl 
dole, and fo keep in the air : thus by rapidly continuing 
the ftrokes up and down, the ball will prefently be filled: 
then unfcrew the baU from the condenfor, and fcrew it upon 
another male fcrew, which is conne&ed with the barrel« 
and goes through the ftock of the gun (fig^ 16). A bullet 
then being depofited in the barrel of the gun, the hammer of 
the lock at a ftiikes aggioil the pin, which opens the 
valve in tl^e ball, and lets out as much air as will drive a 
mufket-bali to a confiderable dillance. 

There are feveral kinds of air-guns ; but that here de* 
fcribed, is the mod improved and ufeful, as the gun need 
Bot be any bu'ger than a fmall fowling-piece: and feveral 
bails, filled widi condenfed air, may be taken to any dif* 
tanoe from bonie with very Httle trouble, and which wilt 
iaive the trouble of filling the fame bail every time it is wanted. 
j^ baU of 3^ inches diameter, may be made to contain twelv# 

penny. 
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penny-weights of air, which will diicharge is or 15 bullets 
with confiderable force. 

There are fome air-guns that have a fnaller barrel coo* 
rained within a larger oce ; and the r|>ace between the two 
b^rreli holds the condenfcd air. In this inftrument there is 
a valve fixed at « (fig. 16), with a condenfor fixed to the 
^rrel at «, and connnued through the but end to r, where 
the pifton rod may be left in. Here the whole gun ierriBa 
inftead of the handles ii {Jig. 15)^ to condcnfe the air inlo 
the.barrel. 

The magazine air«gun differs from the others, by hiving a 
terpentine barrel, which contains 10 or i% bullets; tfade 
are brought into the barrel of the gun fucceffively, by meapt of 
a lever ; and they may be .difcbarged as faft as if they were 
in feparate guns« 



CHAP. XVllI. 
Of hydrostatics. 



Jiefinitions, 

;. Hydrostatics treat of the equilibrium of fluids ; 
or the gravitation of fluid bodies remaining at reft. Wheti 
this equilibrium is removed, and the fluid body fet 
1:1 motion, the effe^s it then produces are called Hjdrmm* 

1. A S'tbei \t a bent tube (^. 5, plate 43). 

3- A 
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3* A Fahe is a kind of flap or cover, fixed to a pipe, or 
lo the aperture of any body, and whicby by opeoiDj^Qiilj^ 
one way, fdfen water or any fluid body to pafi, but aoita 
return, 

4* A Pijl9m u a fmalt cylinder^ fixed to the end of a 
rod, and fitted to the bore of a pipe, and firequeody cob* 
tains a valve. 

I . AU fluids, except air, are incooipreffible^ or incapable of 
being comprefled into a lefs fpaoe, 

a. In a veflel of water^ or any other ihiid body, the prel^ 
fure of the upper parts on the lower is in proportion to the 
depth ; and Is the fame at the fame depth, whatever the 
diameter of the veflel may be. 

3* The preflure of a fluid upwards, is equal to its preflurr 
downwards, at any given depth. 

4. The bottom and fides <tf a veflel ans prded by tfat 
fluid it contains, in proportion to its height, without any 
regard to the quantity. 

5. If fluids of different gravities be cootdned tn the fitme 
veflel, the heaviefl will be at the bottom, the lightefl at the 
top, and the others will be forther <Sfiant from the top in 
propordoo to their fpecific gravities. 

6. The diredion of the prefliire of a fluid i^infi the 
fides of the veflel which contains it, is in lines perpendicu* 
lar to the fides of fuch veflel. 

7. A body that is heavier than an equal quantity of a fluid, 
will fink in that fluid ; bat, if it be lighter, it will fwim at 
the top of the (ame fluid ; and if it be of the fame gravity, 
it will neither fink nor fwim, but will remain fufpeoded in 
any part of the fluid. 

8. A folid immerfed into a fluid, is prefled by that fluid os 
all fides, in proportion to the height of the fluid above the 
folid. And bodies very deeply immerfed in any fluids may 
be coofidered as equally prefled on all fides. 

9* Bfcty 
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SECT. I. 
OF FLUIDITY. 

A FLUID body, in Sir Ifaac Newton's definition, is m 
hody yielding to any force imprejfed^ and 'vohich has its 
parts very eajily moved one among another. This is the defini- 
tion ot a perfect fluid : if the fluid require fome fenfible force 
to move its pans, it is an imperfect fluid; and the imperfec- 
tion is in proportion to that force : fuch perhaps are all the 
fluids with which we are are acquainted. 

Fluids are either elaftic, fuch as air ; or non-eladic, as 
water, mercury, &c. The latter are incompreiSble, and 
occupy the fame fpace under all prefTures or forces \ but the 
former dilate and expand themfelves continually, by taking 
olFtbe external prelTure from them. The properties of the 
ibrmer fluids conftitute the do^rine of Pneumatics, before 
treated of ; the latter contain the principles of Hydroflatics* 

Fluidity differs from liquidity, or humidity ; the latter im- 
plying wetting or adhering. ' Thus, air, ether, mercury, 
and other melted metals, and even fmoke and flame, are 
fluid bodies, though not liquid ones; while water, beer, 
milk, &c. are both fluids and liquids. 

The modem opinion concerning the original and conftitq- 
cnt parts of fluids, is, that they are fmall, fmooth, hard, glo- 
bular particles ; confequently, each particle muft be a folid 
. globular body ; and confidered fingiy, is no fluid ; but be- 
comes a fluid, by being joined with other particles of the 
fame or a fimilar kind. 

That the particles of fluid bodies ftre very fmall, is evident, 
from their texture having never been dil'covered by the fineil 
microfcope : that they are fmooth, appears from that free- 
dom wherewith they glide over one another, when ^ti \\\ mo- 
tion : that they are hard and impenetrable), is plain from their 
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btirg incap^b:c of compreffion : and that they arc fpherical, is 
obvjo-_s, from ihcir bcicg fo eafily put in nnntioa; aud 
fr.m theintcnriccs or vacancies, which are hereafter proved 
ID iLZ'Bix between them ; which could ni>t be the cafe, unlefs 
tbey were fpherical, and touched each other only in fomc 
firgle points of their furfaces. For, upon mixing lalt witl^ 
water, a certain quantity of the filt will be diflblvedi without 
inrrcafing the £mcnfioDs of the water ; which denKMfiftratea 
the ^-acuities between the panicles of the water. When a 
fluid becomes more buoyant, it is a proof that its fpecific 
grsTirv is icrreafed, and confequently, many of its vacuities 
fi led up ; and even then it may receive a certain quantity of 
other d'^oluble bodies, the panicles whereof are adapted to 
the rennainipg vacancies, without adJing any thing to its 
bu'.k, though the abfolute weight of the whole fluid be 
thereby increafed. This is dcmonilrated by taking the 
weight of a phial of rsin water with a nice balance : whcQ 
the water is poured out, and fbme fait added to ir, and the 
pbial again filled with the water, it will be found to weigh 
more than when before the fait was put in, from the va« 
ci:it:es o*~ the firefh water being filled with faline panicles. 

it hii al fo been found by experiment, that the panicles 
where 1 fluids are c.^mpi^d, confiftof fpheres of different 
diiT.rr.rs, whofc interflices maybe fucceffivcly filled with 
prviptr ingred ents ; and where thefc interflices are fmaller, 
th^ gra\*::y c:" the flaid wi!! be greater, and wre vcrfa. 

For c3L-:ir.p'e : if a barrel be fil cd with any large fpherical 
l\>.':;;s. as bulleis mapy fmall fhoi m:iy afterwards be placed 
m :r.e inierfiiccs o'thcfj Inillets ; the vacuities of the fliot 
r....y tb^i Ijc n.i;.d wirhfca ia^J; the interilices of which 
\T.r.\ n^^'in be lilled \vi:h water; which will alio admit of a 
tti:.',i.i q a)iy of h.z in the vnciiitics; and thus the 
\vv i:hi of »l'.e lairel iVjay l)e gre.it'y increafeJ, *\ithout in- 
C.V.: >:» rn^ fjucc <»."ciip:i*d by thtfe materials. T'lis reafon- 
i . : v.^ h I'ds :;o*id i fl rA bndic?, a« well as m thofc which 
SIC lo.iJ; iur river water will diifulve a ceiuin quantity of 
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fait ; after which it will diflblve a certain quantity of fugar ; 
and after that a certain quantity of alum ; and then perhaps 
will receive other diflbluble bodies, without increafing the 
dimeufions of the whole. 

If fluids were not compounded of fuch primary particles^ 

but made up of one homogeneous fubflance, equally denfc^ 

without conCftence, there would be no difference in their 

fpecific gravities, and all fluids would be of the fame weight, 

which is not the cafe^ 

That a fluid has vacuities, is evident from the following 
confi'le ration, viz. if all fpace were abiblutely full of matter, 
that matter muft be cither fluid or fixed. If it were fixed, no 
motion could poflibly be therein ; as is evident from reafoa 
and experience ; it muft therefore be fluid. But a fluid w^th* 
out vacuities would be denfer, and confequently heavier, 
than all other fluids; and if denfer, all bodies will emerge, 
and fwim at the top, by hydroflatical laws, and there 
Would be no fuch thing as gravity. But as gravity exills, 
all fpace therefore cannot be filled, even with a fluid. 

By the experiments of BorcelU^ it has been demo nfl rated, 
that the conflituent parts of all fluids, are not fluids 
themi'elves, but confident bodies ; and that the elements of 
all bodies are perfectly firm and hard. The incomprelfibility 
of water, proved by the Florentine experiment, is a fufficient 
evidence that each primary particle of this fluid is a perfe6^ 
impenetrable folid. 

This famous experiment was firft attempted by the inge- 
nious Lord Vfrulanjy who enclofed a quantity of water in a 
piece of lead, and found, that the water would fooner make 
its way through the pores of the lead, than be reduced to 
lefs compafs,' by any force that could be applied. This expe- 
riment was afterwards made at Florence^ with a globe of 
filver ; which being filled with water, and well clofed, was 
gently preflTed, when a fmall quantky of water iflued through 
the porei of the filver in the form of dew. 

Y y a The 
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3. The fpecific gravities in bodies of the fame abfolute 
weight, arc reciprocally as their bulks. 

4. The fpecific gravities of all bodies are in a ratio com« 
pounded of the diredt ratio of their weights, and the reci- 
procal ratio of their magnitudes. 

5. The abfolute gravities, or weights of bodies, arc in 
the compound ratio of their fpecific gravities, and magni* 
tudts or bulks. 

6. The magnitudes of bodies are direftly as their weights, 
and reciprocally as their fpecific gravities. 

7. When a body is immerfed in a fiuid that is fpecificaliy 
lighter than the body, the body lofes as much of its weight 
as is equal to the weight of a quantity of the fiuid of the 
fame bulk or magnitude. 

Therefore, the fpecific gravities of two bodies arc as the 
abfolute gravities, under the fame bulk. The fpecific gravity 
of the fiuid will be to that of the body immerled in it, as the 
part of the weight loft by the lolid is to the whole weight. • 
And the fpecific gravities of two fiuids are as the weights 
ioft by the lame lolid immerfed in them. 

8. The fpecific gravity of any fluid orfolid body is found 
as fjllows : — Sufpciid a globe ot lead by a fine thread frora 
one arm of a balance, and to the other arm fafien an equal 
weigl.r. Immcrfe the globe oi lead into the fluid, and ob- 
ferve what weight it will require then to balance it, and con- 
fequently what weii^ht it has loft, which is proportional 
to the f^jccific gravity of the fluid, compared with the whole 
wtir'H ot the folid. Thus the proportion of the fpecific 
gravity of one fluid to another, is determined, by immerf- 
inf. tti j;!<»be fiicccirvcly in all the fluids, and obicrving the 
wc ghi the tjlobe has ioft each time, which will be the pro- 
poi T]. !ij, of the ipt'cific gravities of the fluids. 

'1 lu^ t>pcraiion alo gives the fpecific gravity of the folid 
iTr .i.C-c^ whether it be a gh^be, or of any other flijpc, if 
th - I -% \\y or the ilmd be known. For the Ipecific gravity 
< I t: .• ill]! J la to tliat of the folid, as the weight loft is to 
:'.:; wiiole weifjh:, 2 9-. The 
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The foregoing ilicorems have been fufiiciently demon- 
ilrated by various authors, from the principles oiF mecha- 
nics : they are alfo exa£lly conformable to exp>erience ; as 
hath been fufficiently proved from fevcral courfes of philoib- 
phical experiments. 

Various tables have been given, by different authors, of the 
fpecific gravities of many kinds of bodies. It will be fufi- 
cicnt in this place to give the fpecific gravities of fomd 
of the moll ufeful bodies that have been determined with 
gf cater certainty and accuracy. The numbers in this tabic 
exprefs the number of avoirdupois ounces, contained in a 
cubical foot of each body; that of common water being juft 
1000 ounces, or 62^ pounds. 



Tdlle of specific Gravities. 
I. Solids 



platina, pure . • 


23000 


Crude antimony 


• 4000 


Fine gold . . . 


29640 


Diamond , 


35^7 


Standard gold 


18888 


Granite 


3530 


L.ead • • 


J 1325 


White lead 


3160 


Fine filvcr 


11091 


Ifland crydal 


2720 


Standard (ilver 


IOS35 


Marble 


2705 


Copper 


9000 


Pebble- (lone • 


• 2700 


Copper halfpence 


891S 


Rock crydal 


26 JO 


Gun-mcial 


8784 


Pearl 


2630 


. Fine brafs 


8350 


Green glafs 


2600 


Caft brafs 


8000 


Flint 


2570 


8teel . • 


7850 


Onyx (lone 


2510 


Iron 


7645 


Common ftonc 


2(0O 


Pewter 


7471 


Cr>^{lal 


2210 


Call iron 


742 s 


Clay 


2160 


Tin 


7320 


Oyiler-fhells 


2092 


Lapis calaminaris • 


5000 


Brick 


2000 


Loaddone 


4930 


Common earth 


• 1 984 


>Ican fpecific gravity 


of 


Nitre 


1900 


the whole earth . 


4500 


Vitriol , 


x88o 




• 
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For example, required the conteot of aa^ irregular block of 
commoQ fiooe, weighing one hundred weight, or 17^ 
ounces : here, at 1500^ the ounces in a cubic foot of com« 
iQon ftone, is to 1792, fo b 1728, the inches in a cubical 
foot, to 123SI cubical inches, the contents. 

Again, what is the weight of a block of granite, the length 
whereof is 63 feet, and the breadth and thicknefs each i* 
feet, being the dimcnfions of one of the ftones ot granite in 
the wails of Balbeck ? Here the folid conteot of thu ^ne is 
19072 feet; therefore, as i is to 9072, fo is 3500 ounces to 
31,752,000 ounces, or 885 tons 18 cwt. 3 qrs. the weight 
of the flone. 
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SECT. II. 

THE CONSTRUCTION AND USB OF THE HYDROSTATIC 
f ALANCEj HYDROMETER, AND HYDRO- 
STATIC BELLOWS. 



The Hydroftaiic Balance^ 

Tms hydroftatic balance is the moft convenient inftrument 
of any hitherto invented, for difcovering the fpecific gravity 
of all fubdances, whether fluid or folid. It is conftnided 
in various forms ; but that which is niofi generally rcuined 
is the following : 

V C G (fig. I, fUue S3^ is the fiand or pillar of the inftm- 
xnent^ which b to be fixed in a table. From the top A, by 
two filken firings, hai^ tbe horizontal bar BB^ from which 
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the other fcale, hangs, by means of a horfe-hair, a large 
^afs bubble R. 

, To apply this inftrument to life, let the weight L betakea 
away, and a wire /« he fiifpended from the hook s ; and let 
the bubble R be taken away from the other fcale, and a 
weight fufpended in the room thereof. Suppofe the weight 
to be fufficient to keep the parts belonging to the other fcale 
in equilibrium: and that the middle point of the wire^n is 
at the furface of the water in the veffel N. And, Ndfte^ the 
wire ptg is to be ot fuch a fizc, that the length of one inch 
(ball weigh four grains. 

It is evident, that as brafs is eight times heavier than Water, 
for every inch the wire fitiks in the water, it will become aa 
eighth part lighter, which is halt' a grain ; and heavier la 
the fame proportion, for every inch it rifes out of the water : 
thus, by (inking it two inches below the middle pointy or 
railing it as much above it, the wire will become one grain 
lighter or heavier. Therefore, when the middle point of 
the wire is at the furface of the water, if the balance be in 
equilibrium, and the index T fet to the middle point a of 
the graduated wire ri, and the di (lance on each fide ar and 
41/ contain an hundred equal parts; then, if, in weighing 
bodies, the weight is required to the hundredth part of t 
grain, it may be eafily found by the following method : let 
the body to be washed be placed in the fcale ^, put the weight 
X in the fcale e, and let this be fo adjufted, as one grain more 
ihall be too ntuch, and one grain leis too little. Then, by 
moving the balance gently up or down by the fcrew P, till 
the equilibrium be exa^ly (hewn at O j if the index T be 
at the middle point a of the wiie r j, it (hews that the weight 
put in the fcale e is juft equal to the weight of the body. 

The foregoing method difcovers the abiblute w.eightof the 
bocy ; but to find the relative or fpecific weight, it muft be 
weighed hydrodatically in water, as follows :-*lnflead of put- 
ting the body to be weighed into tlie fcale J as before, let it 
bang by a horfe-haiTi as the weight R, fuppoSng the veflel 
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tain wine, it will refpe(5tively fink to the marks ^r» ra^ fm^ 
and mo. Inftruments of this kind are foftietimes called 
Areometers. — And, Note^ that the globe D (fig. a) fiionld 
be made oi copper ; for ivory imbibes fpirituous liquors, and 
confequently alters their gravity ; and glafs globes require 
too much attention. 

This hydrometer was the invention of Mr. Clarke, and 
tnfwers very well to difcover the fpccific gravity of fpirituous 
liquors, and to fhew whether any fpirit be above or belovr 
proof, and how much. 

But the moft perfcft hydrometer is that reprefented in 
figure 4, which may be made to fliew the ipecific gravity of 
fluids to the greatell degree of exa6lnefs. It confids of a large 
hollow ball B, with a fmaller ball ^, fcrewed to its bottom, 
and partly filled with mercury 6x fmall (hot, in order to 
render it but little fpccifically lighter than water. In the 
lirger ball at C, there is a fhort nick, into which is fcrewed 
the graduated brafs #ire A C, which has a fmall weight A 
at the top, to caufe the tnfhiiment to defcend in the fiuid% 

When this inilniment is immerfed in any fluid contained 
as 1 jar L M, the quantity of the fluid difplaced by it wiH 
be equal in bulk to that part of the inflrument which it 
Under water, and equal in weight to the whole infbiiment. 
Therefore, if the weight of the whole infhtiment be 4000 
grains, we can by thefe means compare the diflerent dimen* 
flons of 4000 grains weight of feveral forts of fluids ; for if 
the weight A be fufficient to fink the inflrument in rain 
water, till the middle point of the flem, marked »o, come to 
the furface of the water ; and after that, if it be immerfed in 
common fpring water, and the furface of the water (land at 
one tenth of an inch below the middle point 20, it is evident 
that the fame weight of each water differs only in hulk by 
the magnitude of one tenth of an inch in the flem of the 
inftniment. 

Then, fuppofe the flem of the inflrument to be ten 
inches in length, and to weigh jufl 100 grains ; tvery ffrofh 
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and that even to the thirty, forty, or fifty- thoufandth part: 
and it infinitely fupcrior to the common method ufed by 
€xcifc officers and others, of Ihaking the fpiriis in a phia!, 
and forming a judgment of the ftrength by the breaking of 
the bubbles. 

Of the Syphon. 

The fyphon is a bent tube ufed to decant fluids from any 
fianding veflel ; and ferves to perform fome curious cxperi- 
meots. It depends upon the preffure of the air ; and may 
be made in various forms. 

If a fmall fyphon, whufe legs arc of equal length, be filled 
with water, and the ends turned downward, the water will 
remain fufpended in the fyphon, as long as it is held exa£bly 
level ; but when it is the ieaft inclined to either leg, whereby 
in tf[e€t one leg is made fliorter than the other, the water 
will run out by the longer leg ; for the air being a fluids 
whofe denfitv near the furhce of the earth b to that of 
water as i to 8^0 ; and according to the nature of all fluid 
bodies preffing the furface of all things expofed to it every 
way equally, it miift neceflarily follow, that the weight of 
the atmofphere above, being kept off by the machine, and 
the air below bearing againft and repreffing the water, which 
endeavours to fall out of either leg with equal force, keept 
It in fufpenfe, and prevents its falling. But if the fyphoa 
be the lead inclined to either leg, one of the legs is in effeft 
(liortened, and the other prolonged ; by which advantage is 
given to the weightier fluid in the longer leg to preponderate, 
or overweigh the other part of the fluid in the other leg ; 
and the water will all dcfcend by the longer leg. 

The leafl inclination of the fyphon to either end wilt be 
fufficient to produce this effect, which may be proved by 
experiment, thus: — Hang a fmall fyphon, whofc legs are 
of equal length, upon the edge of a»jar filled with water; 
then from the floping of the jafi the external leg of the 
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through the tubes, expelling all the air from them, while 
the weight of the atroofphere preifes on the furface of tl^ 
fluid in the cup. 

Thif is fometimes called Tantalus's cup, and has a hollow 
figure, reprefenting Tantalus, placed over the inner tube, of 
iiich a length, that when the fluid is got nearly up to th^ 
mouth of the figure, the fyphoo begins to a^, and empty 
the cup. 

Thb is the fame in effei^ as if the two legs of the f3rphoi^ 
were both in the veflel (fig, 7), when the water poured into 
the veflel will rife in the fliorter leg of the fyphon, to its own 
level ; but when it has gained the bend of the fyphon, it will 
begin to run off by the longer leg, and continue running till 
the veflTel be emptied as low as the extremity of the fliorter 
kg of the fyphon. 

The Hydrofiaiical Paradox. 

Any quantity effluid^ honutnfer fmally mtty he made to counter* 
foife^ ondfufiain any weighty how large foenfcr. — This is called 
the hydroflatical paradox : and depends upon the equal pref* 
fure of the parts of fluids every where at the fame depth. 

Let A B D G (fig. 8) reprefent a cylindrical veflel, to the 
infide of which is fitted a cover, which, by means of leather 
round the edge, will eafily Aide up and down in the yti£e\, 
without permitting any water to pafs between its edge and 
the furface of the veflel. In the cover is fixed a fmall tube^ 
£ F open at the top, and extending through the cover at tl^e 
bottom. Then, the veflel being filled with water, and the 
cover put on, and loaded with a weighty fuppofe of a pound. 
It will be depreflisd, and the water will rife in the tube to £» 
and the weight will be fuflained. If another pound be Uiid 
on the cover, the water will rife to F, and the weight alfo 
be fuflained : and thus the water will rife higher in the tube 
in proportion to the weight that is laid on the cover. An4 
though the weight of the water in the tube ))e but a few 
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upon the upper board of the bellows ; as, fuppofe three 
weights, weighing loo pounds each, and pour more water 
into the pipe, which, by running into the bellows, will raife 
up the board with all the weights upon it ; and if the pipe 
be kept full until the weights are raifed as high as the board 
can rife, the water will remain in the pipe, and fupport all th^ 
weights ; though the water in the pipe weigh no more than 
a quarter of a pound, and the weights on the bellows 300 
pounds. 

The reafon of this experiment appears evident from what 
has been faid of the preiTure of fluids, of equal heights, 
without any regard to their quantities. For if the tgbe be 
fixed in the upper board of the bellows, instead of the fide, 
the water will rife in it to the fame height as it did in th^ 
pipe, in the former cafe ; and if ns many tubes were fixed i|;i 
the upper board as it would contain, the water would riijp 
as high in each of them. The prelTure of the fluid upwards 
is thus computed : — If one pipe be fixed in the upper boarcj, 
,and the pipe hold juft one quarter of a pound of water^ and 
if a perfon put his finger upon the hole of the pipe, when 
the fore-mentioned weights are placed upon the bellows, he 
will find his finger prefiTed upwards with a force equal to ^ 
quarter of a pound ; and as the fame prefiure is equal upp(i 
equal parts of the board, each part whofe area is equal to 
the area of the hole of the pipe, will be prefled upwards with 
an equal force, that is, with a force equal to that of a quar- 
ter of a pound ; the fum of all which prefTures againft thjs 
tinder fide of an oval board, 16 inches broad and 18 lon^, 
will amount to 300 pounds ; and therefore, this quantity of 
weight will be raifed up, and fudaioed by only one quarter 
6f a pound of water in the pipe. 

It is by this inftrument that a man may raife himfelf up- 
wards by his breath ; for if he Hand upon the upper boaid, 
and blow through the pipe, he will raife the upper board of 
the bellows, with himfelf upon it ; and the fmaller the bore 
of the pipe is, the more cafily is the opcratioa performed, 
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weighti which will then be too great for the preflure of the 
water round the tube upon the column of water below it. 

Again, a piece of wood^ however light, may be made to 
lie at the bottom of t)ie water, by not fuffering any water 
$0 get under it. Thus, having two pieces of wood, f>lane4 
/quite flat and fxnooth, fo that 00 water may get betweea 
them, when they are put together ; and cementing one of 
At pieces, as ah^ to the bottom of the veflel AB, plac^ 
|he other piece upon it, and let it be held down by a (lick, 
while the water is poiured into the veiTel ; then, upon remov- 
ing the fiick, the upper piece of wood will not rife from the 
lower one, being preyed down both by its own weight, and 
the weight of all the water above it, while the contrary pref- 
fure of the water upwards is kept off by the wood placed 
beneath it ; but if the top piece of wood be raifed ever b 
finlc at any part of its edge, fome water will get under it^ 
which will be forced by all the weight of the water above^ 
luid will immediately prefs it upwards ; and being lighter 
than its own bulk of water, it >vill float upon the furface of 
$bt water. 

To prove that all fluids weigh juft as much in their own 
elements as they do in open air, put as much (hot in a phial 
as when corked, will make it fink in water ; then let it be 
weighed, both in the air and in the water, and the weight it| 
each cafe wrote down ; then, as the phial hangs (ufpemlecl 
in water, and counterpoifed by another weight, pull out tb^ 
cork, that the water may run into it, when it will deicend 
and pull down that end of the beam. Next, put as much 
weight into the oppofite fcale as will reftore the equilibrium ; 
which additional weight will be found to anlwer exa£lly td 
the additional weight of the phial, when it is again weighed 
in the air with the water in it. 

The velocity with which water fpouts out of a hole, or 

through a tube in the fide or bottom of a vtffcl, is as the 

fquare root of the depth or di fiance of the hole below the 

fnrface of the water. Therefore, in order to make double 
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of th^^'ciTel, at equal diftances above and below the pipe D, ^ 
the perpendicular C c and E ^, from thefe pipes to the femt- ' 
circle will be equal, and the jets F and H, which fpout froin 
them, will each go to the fame horizontal diftanccNK; 
which is double the length of either the equal perpend iculai^ 
Cc and Er. 
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HYDRAULICS. » 



SECT. I. 



OF PUMP-WORK. 



Hydraulics Js that part of fluids which treats of th^ 
propefies of fluids in motion, with a fpccial attention to 
artificial water- works : and in this feni'e it (lands oppofed to 
hydroftatics, which concern fluid*, as they renwin at reft. jC | 

The laws of fluid bodies, as given in the iafl chapter^ 
obtain alio in this, and therefore need not be n:{)eated. 

The 
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Of the pump, there are fiitiply three kinds, vis. tti^ 
fttdLing, the forcing, and the lifting, pump* By the for* 
neri the water it raifed b3r the general prelTure of the at* 
laofphere €n the furface of the water in the well, and can- 
not be raiCed to a greater height than 33 feet, ai before 
obferved ; though, in pra&ice, it is feldom raifed above sS 
ftet, bectufe the air is not always denfe enough to fupport a 
column of water of 33 feet. By the two latter, water may 
be raiiS^ to any height, having an adequate apparatus, and 
f uffident power. 



Of the Sucking Pump. 

The fucking pump is that in moil common ufe, and con* 
fids of a tube or pipe, open at each end, having within a 
iHding pifton, as large as the bore of the pipe, and which 
fits the pipe fo exadly, as to admit no air to pafs between it 
and the pipe. The pipe is called the barrel. 

If the lower end of the barrel B be immerfed in water 
(fi^» I, fJatt 14), and the pifton D be raifed, a vacuum will 
be made in the barrel, by lifting up the column of upper air 
from A to D, and thereby permitting the air in the lower 
part of the b^urel to expand itfelf ; and the atmofphere 
jprtffiog upon the furface of the water in the well, will 
ferce it to follow the pifton, and that even to the height of 
^ feet^ if ^ ilroke could be of that continued length* 
But when the pifton is let down agsun in the barrel, the 
water will fall with it, to prevent which, there is a valvt 
fixed in fome convenient part of the barrel, as at C, which 
valve confifts of a wooden frame A (/l^. %), exa^ly fitted to 
the bore of the barrel, and a leather flap, B, lined with 
lead, in order to give it fufficient weight and ftrength. 
This valve opening with the upward motion of tha 
water, and again dofing when the pifton is Ice down^ 
jEnres to retai^ tba water abov^, which flows through it : 
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A fimilar cffcA will be prodaced at the repetUioQ of %\f» 
Stroke, till by degreet the water (hall have icach^ tjpe 
inoving valve or bucket, and then the proceft will go 4Mi Ytt 
l^fore <ieicnbed. Thus, water^ even by this machiof^ qify 
be raifed to any height whatever, provided the power ^ 
^Viequate to the weight, and the pipe ftrong enough to bV 
Ike fluid's natural preiTure. 

The proportion of the preflure of the water on the pipfa 
10 pymp-work it according to the h^ght of the water abore 
the part confidered : but the incumbent weight on the buck^ 
^ a pump^ m adion, it nearly proportional to that of a 
column of water raifed j £or though the weight of the atiP9- 
fghert on the iiufKe of the water, when the bucket rilet, 
be really equal to the weight of 33 feet of water; yet tUs 
weight it uuf£dj counterbalanced by the w:eigbt of tbe 
ftmofpbere, ever incumbent on the fuif^e of the water 
Ibf K^y raifed. Thui, all the advantage to be jobtaioed by 
^ hydraulic UMchines, is ranging ouittert into a convenient 
ipethod of being performed ; the performance itfelf dfsp^* 
log entirely upon the moving power, with all the difiidvap* 
t^ges of fridioo. 

In this pump, if both the valves be placed towards t^e 
bottom of the pipe, the pump will work as eafy, and require 
Ao greater power than if they were fixed 39 feet, or 33 fett, 
jibove the furface of the water. 

It is generally found to be more advantafeousio piaiAiQe, 
IP place both the valve and bucket pretty low in the 
barrel ; for ibould a leak happen beneath the bucket, whj^h 
is often the cafe, in a great length of pipe, the air getting 
dirough, would render the pipe ufelefs; whereas, ihoyld 
a leak happen above the bucket, it will occafion only the 
kit of feme of the water. And by placing the valves under 
water, they will always be found more fupple and pliant, 
and, confequently, be in a better condition for performing 
their offices. 

These is gnodier advantage of placing the punip-work 
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means of the pipe C, and the bucket playing in the barrel 
B C« the water will rife as if the well had been perpendicular 
to the pump ; becaufe the water in the well being forced by 
the natural prelTure of the atmofplicrei will replcniih the 
barrel B, through the pipe A C. 

But when it happens that the barrel of the pump cannot 
gp down di redly to the well, at in the lafl cafe, the water 
may be led about any other way by means of a pipe £, and 
thus be conveyed to the pump D* And by making this pipe 
of conveyance E lefs in diameter than the barrel of the pump, 
it will fooner be ezhauftcd of air, by moving the piilon, and^ 
coniequently, the water will fooner follow. 

But it will always be found more eafy, in prance, to 
have the pipe of conveyance large, and of an equal bore 
throughout ; becaufe the water will then have a velocity in 
it, and the fridion will be left. This is the reafon why 
the common pumps, made by the plumbers, do not work fo 
eaiily as ihofe which are bored out of trees ; for, by making 
the pipe fo much lefs than the bucket, they, as it were, wire- 
draw the water. Therefore, in pumps that have a long 
|iipe of conveyance, the dlanaeter of the fucking-pipe (hould 
be nearly equal to half the diameter of the barrel. For, if 
the barrel be four inches in diameter, and the pipe of con- 
veyance only one inch, the water will move 16 tiroes as fafl 
through the pipe as it will through the barrel ; which, con- 
iequently, requires mose labour, «nd b attended with a 
greater wear and fri^ion of the machine. 

Jt ia alfo a great foult to bore a pump conically upwards, 
becaufe the water cannot witji freedom run off fo faft, as a 
vacuum may be made by the moving pidon ; and the reflec* 
tion of the water from the fides, will always be an hindrance 
in the operation. 
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branching or forcing pipe at £• Theie valves ihould alfo 
ht air-tight, and ib difpofed at to let the water freely rifet 
but to prevent its returning back* The forcer C is leathered 
upwards, that it may withiland the preflTure of the atmo- 
i)^re from above, and that by fucking, when raiied, it may 
bring up the water, to fupply the barrel : and it is alfo lea* 
tlwred downwards, that, when reprefled, it may refifl tfao 
weight of the water to be forced up. 

When the forcer C is moved upwards in the barrel, it 
lifts up the inciHnbeht air ; and the air between that and the 
tvatcr having room to dilate itfelf, will be rarefied, and the 
water will rife from the fpring in the barrel A B, as in the 
lucking pump : and condmung the motion of the ferecr, 
the water will at length rife up to. the forcer, and fill the 
imemal cavity of the pipes, between the two fixed valves D 
wad £• And the water being prevented fh>m ddbendiag 
again by the lower valve, will, by the forcer, be prefied, and 
■lake its way through the upper valve E. When the forcer 
rifes, this preflure will be intermitted, and the valve at B 
will immediately clofe under the*weight of the upper water, 
and thus prevent its return, while the forcer is rifing with 
n fMh fiq^y* The fiune is repeated at every ftroke of the 
fcroer* 



ii.deta Hire's Pump, which raifis Water loth U/ the 
Afcent and Defcent of the Pifton in the Pump-barrel. 

BandC are two pipes C^.6), baring their ends in the 
ivdl of water A A. The pipe B has a valve ^ at the top, 
and is foldered into Ihe pump-barrel D. The pipe C aMb 
ins a valve at the top, and is foldered into the pipe S. The 
^ipes £ and F have each of them a 'valve t and/at the ends, 
fAd communicate with die pamp»berrel D, and the holknr 
O. 
K &afoii8plu0||tt Qtwoi^oetf csact^'ftled to Ac bore 
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much water forced up the pipe N, to the fpout-hole O, by 
the defcent of the plunger, as by its afcent ; and in each cafe 
as much water difcharged at the fpont-hole as fills that part 
of the pump-barrel through which the plunger moves. 

P is a clofc air velTcl, fixed on the top of the pipe N, 
which comprefles the air, when Che water rifes up the pipe N, 
above the fpout O : and this condenfed air adting on the 
water, caufes it to run off by the ipout-hole pearly in an 
equal ftream. 

The pipe S at the top of the pipe C (hould never be above 
3a feet above the furface of the water in the well ; becaufe 
if the pipe C be entirely exhauflcrd of air, the preflure of the 
atmofphere, on the water in the well, would not force the 
water up the pipe to a greater height than 3a feet, at the 
moil ; but if S be within 24 feet of the water in the welly 
the pump will work fo much the better. 

The pipe N may bt; of any fize required ; but the pump 
barrel (hould be made in proportion to the height of the 
^ut*hole above the Airfaoe of the water in the well; a| 
follows : 

For ten feet of perpendicular height of the fpout-hole O, 
above the furface of the water in the well, the diameter of 
the bpre of the barrel (hould be 6.9 inches : for i $ feet higbt 
{•6 inches : for 20 feet, 4 9 inches : (or a^ feet, 44. iochet a 
for 30 feer, 4.0 inches : for 35 feet, 3.7 inches : (or 40 feeC, 
3.5 inches : for 4j feet, 3.3 inches : for 50 feet, 3.x inch t 
for 55 feet, a.9 inches : for 60 feet, a.8 inches : for 65 (eetf 
a. 7 inches : for 70 feet, a.6 inches: for 75 feet, a.$ inches s 
for 80 feet, a.$ inches: for 8^ feet, a.4 inches: for 90 fiect, 
a«3 inches: for 9$ feet, a.a inches: and for loofeet^ t-x 
inch ; or at the moft a. a. 

In pumps of this kind the pipes 6 and C (hould be made 
fufiiciently large : for when they are too fmall, the velocity 
of the water through them being great, the water will have 
too much fridion to fuffer the pump to be worked with 
■iQch advantages 
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If this machine be con(lru6led according to the above dimeD- 
fionsy it will raife more water thaa any perfoa unikilled in 
hydraulics would imagioe. 

The force required to work a puitip will tl^ays be as the 
height to which the water is raifed ; and as the fquare of the 
diameter of the pump-bore in that patt where the piftoa 
Works. Thus, if two pumps be of equal heights, and one 
of them be twice as wide in the bore as the other, the wider 
will raife four times as much water as the narrower one ; and 
confequently will require fouf times the7X)wer to work it. 

The pifton rod of a pump is always raifed by means of a 
lever^ whofe longer arm exceeds the (horter one, n length, 
fcnerally fire, or Ix times, and the power it applied at the 
end of the longer arm ; by which means the rod is raifed by 
a fifth, or iixth part of the power, which would be required 
to raife the rod without it. 

The foUowiog table fhews the quantity of water which A 
common fuclung pump will difcharge in one minute^ th# 
pump being of any given height above the fuijace of the 
well, finom 10 to 100 feet induilve ; and the diameter of the 
bore of the harrtl being ftom 6.93 indies to a. 19 inches 
inclufivv. 
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SECT. II. 

OP STEAM ENGINES: — AND A DESCRIPTION OP 
MR. WATT*S STEAM ENGINE. 

Of all the ufes to which fteara has been applied, there are 
none where it has been ufed with greater fuocefs than in thft. 
application of it to raife water from any great depths as in. 
that machine called the fleam engine, otberwife denominated 
the fire engine, on aocoont of the fire employed in boilin|^ 
the water to produce the fteam. 

The fieam raifed from hot water, is an elaflic fluid like 
air, and has its ebftict^ propbrtiooai io its denfity, when> 
the heat is the fame : xx. proportional tQ.tbe heat when the 
deafity it.tfae.fame. That fktam raifed from boiling water 
of an ordinary beat is near .3000 times rafer^iian water, or 
about 3J times -rarer than air, and its el^icity is equal to^ 
that of commoo air. ■ And it Jias been found by cxperimeo^ 
tfatt water, when converted into very hot (learn, will occUiMt 
14000 times the fpace that It orcupied when in water, and, 
coofcqiiently, it will become five tim^s Wronger than the 
atmofphere. And by accidents that have happened, it baa 
been demonftrated that water, fuddenly turned into fieam 
by the immediate application of great heat, is vaftly liroogcr 
than the atmofphere, or even gunpowder. 

The fleam engine is th^ mod ufeful machine difcovered jui 
modero times; and were it not for thb mod important 
invention, we ihould never have been able ta work the coal 
mines in England to the prelent advantage ; as before the 
laft Century, for the want of this engine to draw the water, 
the anempts of oiir aoctllors to. procure coals uere always 

ft Before 



OF HYDRAULICS. 383 



alternately turned by a man, in order to admit the fieaniy 
and to refill the vefTel with cold water. 

Captain Thomas Savery having read the Marquis*i boolc, 
conftruif^ed an engine, which, after feveral experimentSi he 
brought to fome degree of perfe^ion; upon whicb he boqgbt 
up, and deftroyed, all the books of the Marquis he could pro« 
cure, claimed the honour of the invention to himfelf* and 
obtained a patent for the fiime* His engine, however, would 
not raife water to any great height, or in quantities fufiicient 
to anfwer the purpofe of draining a mine. The largeft he 
ever ^reded was for the York Buildings Company, 10 
London, for fupplying the inbabitanu of the Strand, and 
that neighbourhood, with water. 

Several other gentlem^, both m England and FraocCt 
attempted various improvements in the conftni6lion and 
manner of working thefe engine^ { but with littl^ fuccefiy 
till the year 1705, when Mr.Newcomen, an ironmonger, 
and Mr. John Cowley, a glazier, both of Dartmouth, made 
a confiderable improvement in theie engines, by bringing 
the engine to work with a beam and pt(|on (which had never 
been then introduced), and where the fteam, cv6n at the 
greateft depth of mines, b not required to be greater than 
the prefliire of the atmofphere. Thefe gentlemen obtained a 
patent for the fiole ufe of this invention, for fourteen years ; 
and the iirfi engine they ereded was in the year 17 12, at a 
colliery at GriflT, in Warwickibire ; the cylinder of this 
engine being as inches in diameter. The next engine they 
ereded was in the year 17 18, at a colliery in the county of 
Durham, which was alfo improved by Mr. Henry Beighton, 
F. k. S. who introdu^ th^ manner of openipg and (hutting 
the coeks, by the hanging-beam, as at prefent uftd ; ,and 
likewiiji made improvements in the pipes, valves, and forae 
other parts of the machine. 

When thefe engines came to be better underftood, and 
their utiUty, particularly in draining mines, became more 
evident, from tbt gftat numbers of them every where ereded, 

they 
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pump-rodfi fiok bf their fup^Krior weight, and the piftooi at 
the other end of the ieveri rifet ; and when that fteam it 
condenied, the pifloa descends, and the pump-rods rife with 
their quantity of water ; and fo On alternately, as long as the 
pifton works. 

.As the pifton doci dot deibend with a force exceeding eight 
or oiAe pounds upon every fquare inch of its furface ; and as^* 
by ^eafdn of accidental fri^ions, and alterations in the den-. 
ii(y of the air, it is fometimes lefs than this, it will be fafeft. 
in pradice fo c^culate the weight at (omething ieis than, 
eight pounds^ viz. — at about ieven pounds ten ounces for 
evecy fquare iodi, or 7.64 pounds, which is fix pounds upon, 
bveiy circular inch ; and, as a galloit of -water of a8a cubic 
inches weighs i of pounds, we have the dimenfions of the , 
cylinder, pumps, fiec. for any fteam-engihe, as follows ; 

^=3ithe cylinder's dianveter in inches. 

/=the pump's diameter in inches. 

/=:the depth of the pit in fathoms. 

^=galions dr^wn by a ftroke of fix feet« 

is^the hogfheads drawn per hour. 

is=thfc nuntber of ftrokes per roioute. 

Then c^ is the area of the cylinder ib circular inches ; 
therefore 6 ^ is the power of the cylinder io pounds. 

And^ — '' r — ^f or j/* *? =^i» the gallons contained 
fn one fathom, or fix feet of any pump ; which, multiplied 
^y /> &^^^ i P* /^ the gallons contained in / feuhoms of 
any pump, who^ diameter is p. - 

Hence, I /* ^x >of pound gives % f'f^ nearly, for the 
Weight in po^iuh of the column of water, which is to be 
eqdal to the power of the cylinder, which- was before found 
equal to 6 f*. Thus, we have the fecond equation, viz.— 
6 tf»=a /*/, or 3 c^^ffi the iffk equation being \t^^g% 

From which two eq;w(tiom any particuhffi may be deter- 
aiined» ^ 
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AiiAeMter, 

B, cbe cylioden* 

C» tke injcdicMi cook. 

D, the fbeam-cocky or ragidator* 

£, the (hifting clack* 

M^ the whi6Hcai pipCf ^c ■nliim ppK» 

6, tho adttftioa vdlf«b 

n^ the tnetjf velve* 

X» the leeer beisu 

Kt^ wei^iti lo comlcfyoNC the pinoDf end piefr dews- the 
forcer in the pump*tnnei M^ to drive the water throiiglblhv 

O^ a eiieni to htUI the iii|efticMiii«ter. 

P^ en air veflel wUcb prevents the p^ N £rmh hvrftiog^ 
and fervea to keep «p a v^ular ftream. 

The boifter A h iUed wMi wi^er to the facl^t f^ds, 
vriuch being made to bofl by a fire plaocd beneath k, wiU 
fitt the upper part AD with a very elaftie vapoar or Aetnv 
which* when it 11 of fiifficieot ftrrngtfa^ will force open the^ 
vqdve at H* Thir fteam it let into the barrd or cylinder B^. 
bjrtmnii^ the cockDi and bjitt daftic force raifet the 
piton I9 Wluch drivel the air above if throngh a proper 
clack» placed at the tops and the weights L, ae the other end 
of the lever, canfe it to ddcend, and drive the piihm down 
the pamp*barrel M. Then, hi order to make the pidoo I 
defeend, a little cold water it let into the c]riinder, at tho 
bottpn, fraiB the ciftem O, tij turning the cock C, which, 
riSng in the form of a jet, condenies the hot fleam in the 
eyliadef into water^ whe tchy k occupies about 13000 times 
UA fpace than that it took np before ; whkh creates a partial 
^ncmma ia- the tfmd, tod thefdqr ^pcnrnts the piftoo ta 
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%i% degrees is neceflary to produce fieam ; and the difference 
of heat at which .water bolls under xKfferent preiTuces ta- 
creafes in a lefs proportion than the preflures themfeWes ; fo 
that a double prelTure require^ iefs than a double increafe 
lof the heat« 

There are two principal defers in the common (Icam* 
engine : firft, as the vacuum in the cylinder is produced by 
throwing in cold water to condenfe the fiream, the water 
thrown \a becomes hot, and produces a fteam from itfel^ 
which greatly refifts the motion of the pifion dbwnwards, and 
thereby leflens the power of the engine. Secondly, upon 
attempting to fill a cold cylinder with hot fteam, a^reat part 
of the (learn will be deftroyed; and the injedion water that 
if let in to condenfe the fteam, not only cools the cylinder, 
bat remains tliere until it be extruded at the eduction pipe b^ 
die lleam which is afterwards let into the cylinder, which 
iteam will be condenfed into water as fad as it enters, until all 
the matter it comes in conta^ with be nearly as hot as itfelf* 

The great confumption of fuel aHb has been a materia 
objed in thefe engines ; for it is well known, that a fleam- 
engine of an ordinary fize will confume near 3000 pounds 
fiorth of coals per annum, at any part near London* 



Mr. Watt's Steam-Engine* 

Mr« Watt has, in a great meafure,Jif not. wholly, remedied 
the foregoing inconveniences : he preferves an unifonil beat 
in the cylinder of hit. engine^ by fuffering no cold water to 
touch it, and by protecting it from the air or other cold 
Vodii^y by a furrounding caie filled with the fteam, or with 
hot air, or wat^r ; apd by coating it over with fubftances that 
tranfmit thq heat very flowly. He makes his vacuum to 
^pproai^ n^ly to that of the barometer, by condeoftog the 
. ^eao^ in a fep^xate TefTql, called, the condenfer ; which ma/ 
^ cp^lcd at |i^a(urea without cooling the cylinder, either 

by 
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hf the air-pimip chat ezhaufts the coocktifer both of tir 
and the injedion water that ts let in at evefy ftixike, and is 
fixed uoder water in t&e condenfing back M, which is foil of 
wattr. 

N> the lever beam, 

O, the great water pump for clearing the mine, or raifinj 
wate^ for any other ufe through the pipes. Bee, 

' This new engine differs from the common ones only in the 
foregoing particulars : liaving the cylinder, the great beam, 
the pumps, &c« in their ufual politions. 

The cylinder in this new engine is fmaller than nfual in 
'proportion to tlie load, and is very accurately bored ^ and is 
furrounded at a fmall difhince with another cylinder, far- 
aiihcd with a bottom and lid. The fpace between the cjfv 
Boders communicates with the boiler by a large pipe C, 
open at bmh ends, fo that it is always filled with fleam, and 
thereby preforves the inner cylinder of the fame degree tif 
heat whh the fteam, and prevents the fteam horn condenfing 
within it, whicb would be more prejudicial than an equal 
eondeniation in the outer cylinder. 

The inner cylinder has a bottom and ptfion as ufual ; an^ 
as it does not reach op quite to the lid of the outer cylinder^ 
the (team in the fpace between them has ahvays a free aecefk 
to the upper fide of the pifton. The lid of the outer cylmder 
has a hole in the middle, thrdugh which the pifton rod movea 
up and down • this hole is kept tight by a collar of oakuos- 
icrewed upon it. 

There are two regulating valves at the bottom of th# 
inner cylinder, one of which admits the fteam to paft from 
the fpace between the two cylinders into the ihoer cylinder, 
below the pifton, and fliuts It out at pleafure ; the other 
opens or fiiuts the endx)f a pipe that leads to the condenfer* 
The condenfer confiAs of one or more pumps fumifiied 
^vitii clacks and buckets (nearly the fame as in common 
pumps), which are wrought by chains fsfieoed to the great 
working beam of the fogfaw* To the bottom of thefe p«iapa 







the pifton, which is therefore forced down by the fall power 
of the flraoi from the boiler, which it fomewhat greater thaa 
the prefTiire of the atmofphcre. 

In the common engines, when they arc loaded to about 
feven pounds upon ^ach Iqnare inch of the pifton, and are of 
a middle fize, the quantity of Aeam which is condenfed, ia 
i'edoring to the cylinder the heat which it had been deprived 
of, by the forrper injeftion of cold water, is about one full 
of the cylinder, beiides what is really required to fill that 
veflcl ; fo that twice the fiill of the cylinder is employ (id to 
make it raife a column of water equal to feven pounds for 
each iquare inch : or more fimply, a cubic foot of deam 
raifcs a cubic foot of water about eight feet higheri beiides 
overcoming the friction of the cnginci and the refiftance of 
the water to motion. 

But in the improved engine of Mr. Watt, about one full 
and a fourth of the cylinder is required to fill it, bccaufe the 
fleam is one fourth more denfe than in the common engine* 
This engine, therefore, raifes a load equal to i2| pounds 
upon each fijuafe inch of t^.ip piilon ; and each qubic foot of 
IVeam, of the denfity of the atmofphere, raifes one cubic foo( 
of water 22 feet high. 

- Thefe engines work more regular and ttcBif than the 
common ones ; and the (aViDgs amount at leaft to two thirds 
)of the fuel ; which is an important ohjed where coals aii^ 
dear. The new engines alfo will raife from 20000 to 24000 
cubic feet of water, to the height of S4 feet, by only one 
hundred weight of good pit cuali* 
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aoy falfe ftrokes of the charcoal. The black aofa Fed lead 
pencils are ufed to draw out the draught the ffcond time,, 
becaufe the lines drawn with thefe will not be |^ble to be 
rubbed out with the band, when the lines are iigain drawn 
with the pen. The pens made of crow-quills (though another 
good pen may anfwer the purpofe) are to iini(l< the work* 
Rulers are to draw the flraight lines, triangles, fquares, &c. 
which are to be done at firfl, till practice render them needlefs. 
The compafTes (liould have fteel points, which will take out, 
in order to ufe a black or red lead pencil ; their ule is to draw 
circles, ovals, arches, &c. ; alfo to meafure, by the help of a 
fcaJe of equal parts, the proportions of the figures. 

The Precepts of Drawing in general. 

There are no arts that depend lefs upon theory than thofe 
of drawing and painting ; in thefe it ii principally pradice 
and experience that can render any one a good artill. But 
here, as in evc^v other art, a few rules may be of fervice to 
the inexperienced ftudent ; and in attending to the following 
rules, the young artift fliould be careful in following the 
outlines of the figure, which is the firfi procefs. He muft 
alfo content himielf with copying parts of objdfts, before he 
aims at any finifhed piece, and dwell upon efch part ; and 
never begin a fecond till he thoroughly underfiands the pro- 
portions of all the outlines of the fird. He mtft alfo be very 
ilow in his firfl operations ; and he cannot too often con* 
template the length, breadth, and tscry othef proportion of 
each objef^ of his original. For this purpofe he fliould have 
it conftantly in his eye, and cannot look at it too frequently. 

I. The firft part ot drawing conlifts of plain geometrical 
figures ; as lines, angles, triangles, quadrangles, polygons, 
cones, and the like ; for thefe are the found: ti»)n of the 
outlines of all othtr figures. The circle afilh in all orbi* 
cular forms; as the fun, moon, fruits, &c,: the oval, in 
giving a juil proportion to the human face ^d mouth, the 
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inore exadly drawn with the lead pencil, rubbing out any 
ftlfe or imperfect ilrokes of the charcoal ; then having pe* 
nfed it welly mend it with the pencil, where there are an^ 
errors : this done, perul'e ii again, correct mg by degrees all* 
the errors of left magnitude, even to the leaft jot; then* 
compare it with the original copy, ufing neither the rule nor' 
the coinpafs, but giving evef7 part its due place and pro* 
portion, accordit^g to judgment. 

■ When the artift has arrived to fome perfefiion in the art, 
lie may begin to copy after li^e, for this is the mod correA 
and complete method of drawing or paiutirg ; and here only 
|ie has the largefl liberty of imitation. But there ought to 
^ fome perfedion in the art before he aims at this. 

Particular Direiiions for Drawing. 



k 



The primt or painting which is to be copied, ia to be placet! 
>, that the glofs of the colours, or ihades, may not fall upoa 
Ae eye, and thereby prevent a perfe^ view of the piece : 
but it is to be fo placed, that both the light and the eye imy 
fall obliquely upon it. It mud alfo be placed a^ftfch a 
diflance, that the whole may be taken into the eye at once; 
for which purpol'e, the larger it is, the further dillant it muft 
be placed, and fet a little reclining. 

Make a fmall point upon the paper, to rcprcfent the centre. 
End obferve, as a general rule, always to begin with the 
right (ide of the piece ; for by that means, what is tinifhed 
will not be hidden by the hand or pencil. Obferve a'.fo the 
mod perfpicuous and upperraoft figures in the piece (if there 
be more than one), which are to be touched upon the paper ■ 
in their proper places, by the charcoal ; thus running over . 
ttie draught, there will be had the ikeleton of the work, 
which is to be afterwards finiflied and filled up. But great 
care is to be taken in obtaining a true draught, and the more 
time there is bellowed upon it, the more it will improve the 
learner. 

To 
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profile, which is equal to the length of the eye (fig, \% aad 
16), and the noftril in height is nearly one third of the width 
of the nofe. Thefe proportions are to be attended to only 
during the learner's firft -pra^ice : when he is arrived to « 
little proficiency, he is to follow his own judgment only, ia 
the proportions, paying more regard to his original than to 
any verbal directions. When he is able to finifli the outline 
of the profile and full face, he may proceed to the other dif- 
ferent inclinations of the face, as ieen in the plate* 



LESSON 111. 

When the artifl can eafily imiute the different features 
and limbs, he may begin to attempt whole lengeh figures ; 
ivbich is to be done in the following manner : iketch the 
whole over lightly with the charcoal (or, if the learner be 
able, he may ufe the black lead pencil at firfl), beginning 
with the head, next the fhoulders, then the tx)dy; after 
which, the arms and hands, then the hips, legs, and feet ; 
then examine the proportion of the different parts, rubbing 
out any (Irokes of the charcoal where neccifary ; and draw- 
ing the lines over again with the black lead pencil, to bring 
it as near as polTible to the origiRal. When this is done^ 
proceed to finifli the figure, by drawing it over again with 
the crow-quill pen, and Indian ink, departing from the 
black lead lines where it may be found necefTary. Then 
rub out all the marks of the pencil with India rubber. The 
compalTcs are not to be ufed till after a very minute infpec* 
tion with the eye : when, if there be any fault that cannot 
be eafily difcovered, by applying the compares, firft to the 
original, and then to the copy, the fault will be foon found* 
To afcertain the proportions of the feveral parts of the human 
body, a perpendicular line (bould be firfl drawn through that 
part intended for the middle of the figure : whkh ihould be 
divided into feveral equal partly and from fuch menfuratioo 
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The learner (hould pay [^articular attention to theie prp? 

• • • . 

portions, and retain them in bis membr}\ If \% aJfo neceiGuy 

that he have fome knowledge of anatomy, as it will enable 

him to judge of the proportion and difproportion of t)ie hut 

VBOXi figure. 

LESSON IV. 

The drapery, or clothing of the figure, is next to be con- 
sidered. Having drawn the outline of the figure faintly witl| 
charcoal, correcting every part that appears- faulty ; procee4 
to draw the outline of the drapery lightly with the charcoal, 
with the fcveral folds, not fuffcring the folds to crofs each 
other. The quality of the drapery fhould alfo be confidered; , 
as (luffs and woollen cloth are more harfh than filk, which is 
always flowing and eafy. The drapery (hould not Hick too 
4:lofe to the body ; but (hould appear to flow eafily. If the 
drapery be fuppofed to be blown by a breeze of wind, iC 
ihouid all flow one way : and the parts next the body (liould 
be drawn Hrfl, before thofe which fly off*. The garments 
ihouid always bend with the figure ; and the clofer the dra« 
pery is to the body, the fmaller muft be the folds ; and if it 
be quite clofe to the body, there (hould be no folds, but only 
a faint (hadow, to reprefent that part of the body which it 
covers. The bed rule in this cafe is, to remark the folds as 
they appear in the drapery of genteel perfons, if the figure 
be to have a modem drefs ; bat a few particular rules may^ 
liowever, greatly aflid the learner : 

I, CaiefuUy avoid, a fuperfluity of drapery.— a. Let as 
much of the form of the body as pofiible appear under the 
-drapery. — 3. When the draperies are large, let them be 
thrown into large and graceful folds. — 4. Drapery which is 
clofe to the body, (hould appear to be loofened by fmall folds, 
judicioufly placed: for want of this caution, the figure will 
.have a certain fliffhefs, and appear as if wrapped round with 
> bandage, infieadof being clothed. — 5. If there be much 
^pery, let the greater part, if polfible, be thrown into (lia« 
4ow.— 6. Thofe folds which fall in the light mufi have fuch 
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The fliadcs flioiild be rubbed with a picte of papci or 

glovc-lcather, ro !cd up hard, and cut alinod to a point, 

like a pencil ; which ferves to blend the fhadc-s and f«.tten 

them into each of her ; and nlfn to weaken them, wnere they 

aprtar too ftrong. Indi » ink is prepared for different fhades, 

by nibbing it, niure o» Icl's. in wa'ef on a tnarble (lone, cut 

hi h )Mows lor ti.ar pnrp/.fe, rcienini/ one o\ the hollows for 

the water. In finding apecc, ad well as in drawing the 

oulll^c^, the beft rule is to tollow nature, which will greatly 

hnprove the ideas of tlie Icar ncr in the difpofal of light and 

fhadc. 

To enlarge^ or coniraciy a Piece. 

Divide the original into any number of equal ftjuares; 
then divide the paper, upon whidi the piece is to be drawn^ 
into the fame number of equal iquarcs, either greater or lefs, 
than ihoCe ia the original, according as the piece is to be en* 
largcd or contracted, and draw :hc feveral parts of the piece 
as they fall in the fquares of the original, in the correfponding 
fquaresof the paper: then outline it witi; Indin ink, and rub 
out the black lead marks of the fquares ; and fliade the piece, 
&c. To prevent miftakes, the fquares may be nuip.bercd, 
both in the original and copy (fig. 14 and i^, flate 25). 

Though the human body be divided into eioh: or ten heads, 

as before obferved, and which may anfwer for fmall figures, 

and where great exaclncls is not expc<f^cd, yet it muf^ be 

remembered, that thefe are not the ex?dl proporrVms. Wh^:;i 

the figures arc large, the artift fhoiild be more corrc<fV ; for 

which purpofe, it mr^y be necefTary to attend to the pro])or- 

tions of the ancient?, as they are given by M. Audran, from 

the proportions of the Apollo Pythius, in the garden of the 

Vatican, at Rome, and the Venus Aphrodite, belonging to 

the family of the Medicis : both which figures arc fupp«fed 

to (land upright, duly |x)ifcii on both I.gs, The whole 

height of the former is divided into 31 J parts, being 7 beads 

} puns and 6 minutes; and the latter into 31 parts, being 7 

beads and 3 parts, at follows : 

3 F a LfMgit 
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Length of the Tore Aria, w^ Upper Extremiilee^ 



ItOm the top of the flionldcr to 
the elbow 
The elbow to the hind 
The joint of the hand to the 
root of the middle finger • 
The root to the tip of the 
middle finger • 
Length of the upper extremities • 
Bitadth between the outward an- 
gles of the eyes • 
Of the face at the temples 
Of the upper part of the neck 
Over the (houlders 
Of the body below the arm-pits 
Between the nipples • 
From the bottom of the chin to 
the line crofling the nipples 
Of the body^ at the fmall of 
the waift • • • 
Over the loins . • • 
Over the haunches, or tops 

of the thigh bones • 
Of the thigh, at the top 
Of the thigh, below the middle 
Of the thigh, above the knee 
Of the leg, below the knee 
Of the calf of the leg 
Below the calf • 
Above the ankle 
Of the ankle 
Betow the aakk • 
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From the fore to the back part of 

the ikull 
The wing of the nofc to the 

tip of the ear • . • 

The upper part of the neck . 
The bread to the back, over 

the nipple • • 
The bcJly to the fmall of the 

back • • • . 
The belly, above the navel, to 

the back of the loins 
The bottom of the belly to 

the round of the hip 
The fore part of the thigh to 

the bottom of the hip 
The middle of the thigh 
The thigh, above the knee • 
The middle of the knee 
The leg, above the knee 
The leg, at the calf . 
The leg, at the ankle . 
The foot, at the thickeft part 
Ltngth of the foot • » 

The heel to the fore part of 

the bend of the foot 
The arm, over the biceps 
Over the elbow • 
Below the elbow 
At the wrid • 
Below the joint of the wrift . 
The hand, at the roots of the 

fingers • • • • 
At the roots of the nails 
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plates where there is a complexity of work, though they Wtm 
g<?neially fiiiifhed by the graver. 

The itiftrumetits proper for etching, are^ needlet, in oil* 
flone, brnfli pencils, a burniHier, fcraper, compafleti ra1cr» 
tracer, and the graver; with the hard md foft vamiib, pre- 
pared oil, and aqua-fonis. 

The needles fliould be of a fine graiii, and fuch as will 
break without bending, of which there fliould be federal 
files. They are to be fixed in firm round flicks, about fix 
inches in length, and the thicknels of a large goofe-quill ; 
and may be fixed in fiicli ftick?, as have a pencil at the other 
end. They (houid dand at lead a quarter of an inch out of 
the flick. 

The oil-flone is to whet the needles upon : and, note^ if 
the points are to be round, they are to be whetted fliort 
upon the flone, by turning them round ; but if the points 
are to be floped, they are firft to be blunted upon the ftone^ 
and then whetted, floping on one fide only, till they come to 
a fliort oval. 

The brufli pencil is to cleanfe the work, wipe off the duft^ 
and flrike the colours, even over the ground, when laid upon 
the plate. 

The burniflier is a piece of tempered fteel, fomewhal 
round at the end, for fmoothing and giving a luftre to the 
plate. 

The fcraper is ufed for clearing the plate of any icnitcheS| 
or flroke?, which the burniflier will not take out. 

The compafles fliould have fteel points, and are chiefly 
ufed in flriking circles, meafuring difUnces, &c 

The ruler is chiefly ufed to draw flraight hitches, or liiie% 
upon the plate. 

The tracer is ufed for drawing through all the outermoft 
lines, or circumference of the print or drawing, which it 
called etching after. 

The manner in which ctdhing is performed, is, by covering 
the furface of the plate with a proper varnifliy or ground. 

Vol. II. 3G capable 
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The manner of etching with the fofl varnifli is now more 
frequently intermixed with the life of the graver than for- 
merly; which is generally attended with great advantages, 
even where the whole is intended to pafs for the work of the 
graver ; as it gives an opportunity of fliewing the truth and 
fpirit of the outline, and gives all the variety of (hades which 
the different kinds of black can produce ; while theexaclnefs 
and regularity of the lines, which are requifite for finifliing 
many kinds of deligns, are fupplied by the graver ; and by 
a judicious application of both, that complete finidiing and 
effe6 is produced, which either of them alone would be in« 
capable of affording. 

Tlie Preparation ofthefoft Varnijliy as direSted hy Mr. 
Laivrencey an eminent Engli/h Engraver at Paris. 

•* Take of virgin wax, and afphaltum, each two ounces ; 
of black pitch, and Burgundy pitch, each half an ounce : 
melt the wax, and pitch, in a new earthenware glazed pot, 
and add to them by degrees the afphaltum, finely pow- 
dered'; let the whole boil till fuch :iinc, as that . (taking a 
drop upon a plate) it will break, when it is cold, on ben6ing 
it double two or three times betwixt the fingers. The 
varnifli beint; then boiled enough, mud be taken off the fire; 
and letting it cool a little, muft be poured into warm water, 
that it may work the more eafily with the hands, fo as to be 
formed into balls ; which mufl be rolled up, and put into a 
piece of laffcty for ufc.'* 

In boiling the ingredients, it muft be obferved, firft, tbat 
the fire be not too V!.> ent, left they burn — a flight fimmering 
will be fufticient : fccondly, while the afphaltum is putting 
in, and even after it is mixed with then», the intjredients 
(liould be ftiired continually with the Ipatula : and, thiidly, 
the water, into which this compofition is thrown, (liould be 
nearly of the fame heat with the compofition, to prevent a 
kind of crackiii|{y which will happen when the water is too 
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timef two or four candles arc ufcd together, for difpatch ; 
for the vamifh muft be blackened before it grows cold ; for 
if it p^rows ct>ld during the operation, the plate mud be 
heated again, that the varnilh be in a melted (late when that 
opcn:tioni8 performed: great care muft be taken, not to 
fcorch it; which may be perceived, when it happens, by the 
varnilh lofing its glofs, and appearing burnt. Large platet 
are fonietimes fufpended from the ceiling by four cords, with 
an iron ring about four inches diameter at the end of each 
cord, to hold each corner of the plate. The plate being thus 
fufpended with the yarni(h fide downwards, may be black- 
ened very conveniently. 

In blackening the vamifli, the candle or flambeau (hould 
be kept at a proper difhmce from the plate, that the wick 
may not touch the varnilh. If, after the operation, it appears 
that the fmoke has not penetrated the varnifli, the plate muft 
be again heated over the chafing-difli, and as the plate grows 
hot, the vamifli will gradually oielt and incorporate with the 
fmoke, that lay above it, in fuch a manner that the whole 
will be equally per\'aded by it. 

The freateft caution is neceflTary in this operation, to keep 
a moderate fire all the time, to move frequently the plate* 
and change the place of every part of it, that the varnifli may 
be equally melted every where, and kept from burning, and 
to keep the varnifli entirely free from any filth, fpark^ or 
dufly till it be entirely cold* 

The Method of applying the hard Vdmifli. 

This is exa^ly the iame as that of applying the foft var» 
nifli ; being fpread equally over the warm p'ate with the 
taifety ball, and fmoked in the fame manner ; but after it is 
fmoked, it mufl be baked, or elle dried over a gentle char* 
coal Are, till the fmoke of the varnifli begins to decreafe; 
obicrving not to heat the plate too much| which would burn, 
and ibfteu the vaioiib* 

The 
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The oval-pointed needle is mod proper for making large 
and deep (Irokcs. It (libuld be held in the fame manner at 
a pen, nirh .the flat fide next the thumb ; though it may be 
nfed, with the face the other way : it muft be held as upright 
and fhaight in the haifd as poi&ble, (Iriking the flrokes fretly 
•nd firrtil y, whicfi rcrfder them neat and dear. 

*? he finfe needles, with lender point?, are proper for fine 
Afokes, and fur the fahit (Irpkes of thofe places at the greateft 
diflance, in a landi'cape ; and alfo for thofe places neareft 
the tight. And it k rcquifitef when at work, to brnih off 
all tile looie dud which is^ worked up by <che needlet. 

It is hardly nece'flaty to obierve, that the fiudent flionld be 
ib far maftcr of the art of drawing, aslo be able to copy any 
j^rint exaftly; before he attempts etching. It is alfo neceflkiy 
that he be able to hatc^ with a pen or pencil exai5lly, fixHn 
good copies ; and then he 'w\l{ be able to draw from piaiikr^ 
or from the ItFc. 

In (hading his pieoe, he muft be careful to obfepve hcwr 
the origrnal is (badoiri'ed, how clofe the hatches are joined, 
how tliey are laid, how they incline, and which way the 
light fall?, which mu ft always 'fall oneway. If the Itg^c 
fiall fideways in the print, that fide, which is farthed from the 
light, muft be hatched the darkeft. 

. In landfcapcs the part next to tbe eye is to be hatched 
darkcft ; and the reft to decline in its fliadow gradaaliy, the 
farther it is off from view. The fame is to be obfenred in 
etching a fty ; for that which is neareft the eye, muft have 
the deepeft (hades ; but in general, as foft and faint as 
pofTible, grndually lofing its ftiades as it comes nearer to the 
ground ; and where tlKy both meet, as it were, the iky muil 
be entirely loft. 

-if any fcratches, or falfe ftrokes, happen in the working 
they are to be ftopped up with a |iair pencil, dipped in the 
Venetian varnifii, mixed with lanr.p black, by which meant 
thcfe places will be defended from the aqua-fortis. ^ 

The 
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The management of the aqua-fortis is the principal matter 
in the whole art of etching, and on which the fuccefs of the 
work chiefly depends. For- the exad (Irength of the aqua- 
fbrtisy the time it is to continue on the plate, &c. no certain 
rule can be given ; but pradice and experience alone can 
inform the artift. 



Of etching Letters^ 

To etch letters, the copper-plate is to have a ground of 
virgin wax, which is to be fpread very evenly with a feather, 
all over the plate, while it is warm ; then the letters being 
wrote on paper with a black lead pencil, the written flde of 
the paper is to be laid upon the ground of the plate, the 
paper being fattened at the four comers, as before di reded* 
Then rub the back of the paper all over with a burni(beiv 
taking care to rub every part of the paper ; and taking the 
paper off the plate, the tetters will all appear written on the 
wax, but reverfed ; they are then to be drawn through the 
wax on the plate with a tracer, cleaning the work from the 
loofe wax with a linen rag, or pencil brulh ; then raifmg a 
border of wax, and pouring on the aqua-fortis, as before, 
the letters will be etched. The plate, being cleaned from 
the wax, is, in the next place, to be poliflied, as follows :-— 
take a piece of good charcoal, and pulling off the rind, put 
fair water on the plate, and rub it with the charcoal : 
and by this means the plate will be cleared from all the 
vamilh. But the charcoal fliould have no knots, or rough- 
nefs. After this, waih the plate with a little aqua-fortis, 
added to twice its quantity of water. Laflly, the plate 
ihould be wiped dry, and rubbed with a little of the olive 
oil* Then, if any place require to be touched with the 
graver, it may be corrected ; and the plate will be finifhed* 
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Of holding the Graver • 

The graver (houid not exceed the length of five indiet 
and a haJf, includ ng the handle, except it be ufed for ftreight 
lines ; and that p irt of the handle which is on the fame line 
with the l>elly, or (harp edge of the griver, Ihould be cut 
off flat, that it may be no oblhxi^tion in working. 

The handle of the graver (hould be held in the hollow of 
the hand, with the fore- finger refbng upon the baik of Htm 
graver, in order that it may be moved parallel to the phite. 
Great care muft be taken that the fingers do not interpole 
between the plate and the graver, which wou'd prevent the 
graver from being carried level with the plate^ tnd render 
the ftroket not fo cleaD. 

Of laying the Defign mpom the Plate. 

The plate being poiiflied iraootb, is to be heated, b at 
to melt virgin wax^ with whxh it 19 to be rubbed thinly 
and equally aH over, and fuffcreJ to cool. The defign to ba 
hid on muft be drawn on paper, with a black lead pencil^ 
and kid upon the plate, with the pencilled fide upon the wax ; 
it is then to be prefle d doie to the plate^ and rubbed over 
every part with a burniiber. Then taking the paper off the 
plate, every line drawn with the black lead pencil will 
appear upon the wax, which are to be traced through the 
wax upon the plate with a (harp-pointed tool. The wax 
being taken off, the plate is to be engraved. 

Of whetting and temperijig ihe Graver., 

Great care is reqjired to whet the graver nxcly; for 
which purpofe, the two anf^Ies of the graver, which are to be 
held next the plate, are to be laid flat upon the flone, and 
rubbe^ fleadtly, till the be)*y rifes gradually above th^ plate, 
fo that, when the graver is bid iTpnn ir, the light may be feen 
under the point ; if it be not whetted in this fhape. It will dig 
into the copper, and it will be impoffibk to prevent the 
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culhion ; preffing more lightly, where they are to be fine, and 
leaning with greater force, where they are to be broad and 
deep. In making circular and carve lines, turn the pl^te 
upon the cuihioo againft the graver. After fome of the 
work it done, it is neceAry to fcnipe off the roughnefs 
formed by the cutting of the graver, which is done with 
the fcraper : or paffing the graver over the plate in a level 
diredioo, taking care that it does not catch the copper. To 
ftoder the work more vifibie, it may be rubbed over with a 
roll of felt dipped io oil. It is neceflary to learn to carry 
the graver as level as pofiible with the furface of the plate ; 
Jbr otfaerwife, if the fingers (lip betwixt them, the line that 
is produced will become deeper and deeper in the progreiii 
of its formation, which will' prevent making a ihoke at one 
cut, that will be fine at the extremities, and larger in the 
iniddle ; and renders it neceifary to retouch it. Therefore 
it is ncceila^ to acquire the habit of making fuch ftroket^ 
both ftraight and curved, by lightening, or preffing, the hand, 
according to the occafion. And when the defign is finifhed, 
if any fcratches or falfe ftrokes appear in any part of the 
plate, they muft be taken out by the bumilher. 

In order to preferve a due equality in the work, the prin* 
cipalobjeds of the deQgn (hoald be (ketched out, before 
any of them be finilhed. In working with the graver, the 
Urokes ihoiild never be crofled too much in the lozenge 
manner (particularly in reprefenting the flelh of the human 
body), except in the cafe of a dond, waves of the fea, the 
ikins of animals covered with hair, or the leaves of trees, 
where this method of croffing may be admitted. In the dif* 
pofition of the ftrokes, the adion of the figures, and the 
difpofition of their parts, (hould be coofidered : and alfo the 
manner in which they advance towards, or depart fh)m, the 
eye of the obferver. The graver (hould be fo guided, as to 
mark the rifing or cavities of the mufcles, making the flrokea 
wider and fainter in the light, and clofer and bolder in the 
ibadea. Thos^' the hand (hould be lightened in fuch a 
" a manner. 
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by perpendicular ibokes. When a groii ftroke is made, ic 
ihould be at right angles, and wider and thinner than the 
fif il ilroke. In engraving mountains, as there are Iharp and 
craggy objects, the ftrokes (hould «be frequently broken ; 
they (hould alio be ibaight, in the lozenge manner, and ac- 
companied with Jong points or dots. Rocks have fome cro& 
Arokes in them more fquare and even. DiAant objects .to« 
wards the horizon are very Oightly (haded, as in drawing* 
Calai, ilill waters ihould be reprefented by ^raight ilrokes, 
parallel to the horizon, and interlined with finer firokes ; 
omitting chofe pUcet where the light caib a iliining reflec- 
tion ; and the form of objects retie£led from the water at a. 
imall diftance upon it^ or 00 the banks of the water, are 
exprefled by the iame ilrokes, retouched more ilrongly or 
funtly, as it may be neccflary : agitated waters, as the waves 
of the fea, have the firil ilrokes in the figure of the wavett 
and are interlined ; and the crofs flrokes ihould be very lo- 
zenge. The firil ftrokes in caicades ihould follow the iiall 
of the water, and be interlined. In clouds, that appear 
thick and agitated, the graver muil be turned every way, 
according to their form and agitation. In dark clouds^ 
where two ibokes are neceiTary, they ihould be croihtd mure 
lozenge than the figures, and the iecond ilrukes ihoUid be 
rather wider than the firft. The flat clouds, that are infeo* 
fibly loft in a clear iky, ih'>uld be formed by ibokes paraitei 
to the horizon, but a liitle waving ; if fecond firukes be 
required, they ihould be more or lci$ lozenge, and ihould be 
fo lightened at the extremities, as to have no outline. The 
flat and clear iky is reprefented by flroLes parallel and per* 
fedly ilraight. 

In all landicapes, in general, the trees, rocks, earth, and 
herbage ihould be etched as much as poffible, leaving ao» 
thing to be done by the graver, but the perfe^ng, fotten- 
ing, and firengtbening. And obier\e, once for all^ that the 
dry needle produces a more delicate effc£^, and may be uied 
to much greater advantage than the graver can, particularly 

in 
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be neatly imitated, if a plare be provided for every colour* 
And if it be well done, it will form fiich a good ^leception^ 
that an able connoilTeiir cannot, from the hvSt infpedion, 
didinguifh between the original drawing aiKl the engraved 
imitation : therefore, this mode of engraving is very ufefiil 
to multiply copies of drawings left by ancieat artifts who 
excelled in the ufe of chalks. 
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OP MEZZOTINTO AND AaUA-TINTA SCRAPING, 



Mezzotinto prints have no hatches, or ftrokes of the 
graver ; but the lights and (hades ane more blended together 
than in etchings and engravings, and appear like a drawing 
of India ink. 

This art is of late invention, but is ^eatly ufed, and is 
admin^l for the amazing eafe w9th which it is executed^ 
particularly bv perfons who are deficient in drawing. 

The principal tools ufed in th s art, befides thofe ufed in 
etching and engraving, are the grounding tool and the fcraper. 



General DirefHons for laying the Mezzotinto Grtnmi* 

Leaves ijpace upon the bottom of the plate for the writing, 

coat of arms, 80c. tbenj laying the plate upon a piece of fwao* 
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Habere there if not to be any flnde, are to be (bfttned or nibbed 
down with the burnifher, ocherwife thefe parts will n6t ap«* 
pear clear, ^hen the work is prored. 

There is aifo another method, tifed bjr m^tzotitito fer a pe rs t 
which is, to etch the outlines of the onginal, with all the 
folds in the drapery, &c. nr)arktn|( the breadths of the Ihadowi 
by dots ; then having ufed the aqua-fortis, as in etching, and* 
the groand bemg taken off the plate, the mettotttito grooaJ 
is to be laid, and the work finifbed bt fcraping, as above. 

When the work is to be prored, it is neceflTary to have tomxi 
French paper, which has been wetted down fbtir or itve days, 
as no other paper will do for this work, and it ts nectffkrf 
for it to lie wet that length of time. A proof is then to he 
fakeo of the pl^te ; when the proof is dry, correft it, fay 
coaching it with white chalk, where it (hoold be lighter ^ 
and with bbck chalk, where it ihould be darker. In re^ 
couching the plate, proceed as before, where it ihould bd 
lighter, by ufing the icraper ; and where it (honld be darker, 
xtfc a fmaM grounding tool^ as much as b thought necefl^ry 
ifo give it its proper (hade* Then it is to be proved again, 
and again correAed and retouched; and thna proceed td 
prove, and retouch it, till it be limlhed. 

It is to he obferved, that the woric ihould he proved the 
iiril time, beibie it is the leaft over-fcraped in any part; as^ 
by this caudoo, it wiH appear more elegant ; for the fmaH 
groubding tool, which it ufed to deepen any ihades that ait 
«ver4crapcd^ generally gives the work a coarfe appearance. 



Of Aqua'tinta Scraping. 

Aqua«tfnta is that method lately invented of etching, bf 
which a (oft and beautiful ihade is given, refembling a 
drawing ill water colours, or India ink. 

The prindpal operation is as fiillows : the etching ground 
kt» be hid oit the pbie* as in comoion elchingiaad the out- 
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•t r^quifite, with the needle or poiat, by ftippling with dofi^ 
and biting up thofe parts ; or by a rolling wheel. 

The foregoing method will only fcrve for prints of one 
fingle tint. When different colours are to be exprefled, there 
muft be as man} different plates ; each plate having only that 
part etched upon it, which is defigned to be charged 'with its 
proper colour, unlefs (as fonietimes happens) fome of the 
colours are fo diilant from each other, as to allow the printer 
room to Hll them in with his rubber, without blending them ; 
iQ which cafe, two or more different colours may be printed 
upon the fame plate at once. When different plates are re» 
quiGte, there mud be a feparate one, having a pin in each 
corner, to fer\e as a fole or bottom to the aqua-tinta plates ; 
and the aqua-tiota plates muil be exactly fitted, having each 
a fmalt hole in their corners for paffing over the pins of the 
fole ; the pius retain the plates in their due poiition, and- 
alfo dire6t the printer in placing the paper exadly on each 
plare, fo as not to (hift ; by which means each tint or colour 
will be exactly received on its proper place. This is the 
method pra^lifed by the Paris printers. Some fubje^s, how* 
ever, fuch as landfcapes, may be printed off at once in the 
, different proper colours, by painting theie upon the plate« 
Here the colours muff be pretty thick in conliffence, and 
the plate carefully wiped in the ufual way, after laying in 
each tint, as well as to be wiped in general, when it it 
charged with all the tints. 

In aqua-tinta plates, it muff be ohferved, that the afphaU 
tum and relin muff be finely powdered, and well incorporated 
togetlier, before they be fiired on the plate ; for this purpofe» 
it is neceffary to- Qtt each of them through a fine muflia 
fieve, lifting firff a layer of one on a fficet of paper, and 
then a layer of the ottier ; proceeding in this manner till the 
whole be finely fifted, and well incorporated together. 

This art has been hitherto kept as fecret as polfible ; btiC 
a ffrid attention to what has been delivered will enable the 
prs^£titioner to fiuifli bis plate widi fuccefs. 

Another 
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^ke white and white bead flioiild be wholly avoided^ as the 
ilijhteft touch with either of thefe will alwayi turp black, (q€ 
tbefe whites will ftaod only in oils. Therefore! when whiti^ 
it required, I would recommend the (Indent to make ufe fi| 
cqmmon whitii^g, prepared in the following manner ^— 
. Put fome whiting in a large velTel of w^ter^ mixing them 
well together ; when this has fiood about half a minut^ 
Dopr off the water into another veflel, and throw the fpifty 
(ipdiment away ; after this water has refi:d about a minutet 
pour it off as before, which will purify the whiting from aH 
dirt and jgrrittinefs. This being dopCf let the whiting {etde, 
and pour the r^m^ind^r of the water froaii it ; after whick 
lay it OP the chalk to dry* and when dry> it will be fit for 
ofe ; either for making white crayons, or for preparing tints 
with other colours. And, N0te^ if the (ludcnt makes the 
crayons of the whiting inuncdiately after it is walhcd, k i$ 
IKK neceflary to diy it on the chalk ; fyr it may be miiced 
with any other colour infiantly, where)>y much trouble will 
be faved. All colours of a heavy or gritty nature, partial* 
larjy blpe verditer, muft be wafiied in this manner. 

The ftudent muft be provided with a largie flexible pallet- 
knife, a large ftone, and muller, to levigate the colours ; two 
or three large pieces of chalk, having large fmooth furfaccSf 
to abforb the moifture from the colours, after thqr are leri* 
gated ; and a piece of flat glafs, to prevent the moifture from 
being abforbed too much, till the colours are rolled intQ 
form. Thefe implements being provided, the ftudent aiay 
proc ed to form his crayons from the following colours : 

Re^ are formtd either from carmine, lake, or vermilion^ 
or a comjx>lition of two or more of them ; though it muft 
be obferved, |hat it is difficult to procure either good car* 
intne or lake ; gpod carmine is inclined to the vermilion tint^ 
tnd Ibould be an impalpable powder : a good lake flioold 
iodine to the carmine tint. 

The camtSne crayons are prepared by inixinjg a. fufficiept 
quantity of good carmine with fpiriU of wiac with the Icvi* 

gating 
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Late crayons are foroewbat difficult to form, on account- 
of the harfhnefs of the lake, therefore the lludeiit (hould ob« ' 
Icrve the following rules in the formation of thefe crayons :— ^' 
Take about half the quantity of the lake intended for thp* 
crayons^ and grind it very fine in fpirits of wine ; wlien dry,: 
pulverise it ; and take the other half, and grind it with fpirit& 
of wine; after which, mix it with the pulveri^ lake, andj 
lay it out directly in crayons on the cbalk : this colour will 
not bear rolling. The fimple colour being thus prepared^, 
proceed with the compound crayons, as before dircAed in the 
carmine crayons, and in the (aroe degree of gradation« 

Vermilion crayons are formed by mixing the vermilion on 
the done with the fpirits of wiae, or even foft water ; after 
which it may be rolled into crayons. The di£ferent tints are 
produced by mixing the fimple colour with whiting, according 
to the proportions given in the carmine. And, jy^tf/#,'that 
thefe crayons will fometimes be fo foft, that they cannot be 
held in the fingers, but will break* and return to powder: 
which may be remedied by mixing the colour with fome 
thin water gruel, well firained, which will {^ve it fufficient 
cohefion. 

BUes are formed of Pruffian blue, and blue verditer. 

Fruffian blue crayons are formed in the fame manner as 
the lake crayons : but as the Pruffian blue is very apt to bind, 
it is fomewhat more difficult to be fuftened than either lake 
or carmine. It is neceflar}* to grind a large quantiiy of this 
colour, as it is chiefiy ufed in draperies* The different tints 
may be made according to the fancy of the painter. 

Blue verditer crayons are fomewhat more difficult to form, 
on^account of the coarfe gritty nature of the verditer, which 
requires fome binding matter to unite it, otherwife it will 
never adhere together. Therefore, to a quantity of blue 
verditer, fufficient to fortn two or three crayons, muft be' 
added a little fifted plafte r of Paris, ub<uit the fize of a pea : 
t|^ are to be mixed well together, and i\\c crayons formed 

Vot. II. 3 K upon 



OF DRAWINO. 435 

ikaemmeBBsssssssss ■ i "' ' '■■■ r ■' ' ' ' ., i, rr 

particularly in the light green ones, whidi will turn blaCk 
on the pi£ture9> if the lead damp come to them : though the 
dark colours will remain perfe^. 

. In order to difcover whether there be any flake white in 
the crayonsy the foi lowing experiment may he made : haTiitg 
bmiied the craycm to a powder, mix it with an equal quantity 
'^f charcoal dud ; put the whole into a crucible, which muft 
be placed in a 6erce fire till the charcoal duft be confumed ; 
i|nd if the crayon have any flake white in it, the lead will 
return to its original metallic ftate. 

BrpwMs are originally produced from Cullen*a eartb» or 
umber. 

Cullen*s earth crayons are of a fine dark bnnm, and 
•feveral rich tints may be produced from a miature of dns 
cokyor with carmine, in varioiis degrees : aUb, this colour 
mixed with bbck and carmine, makes tffefiil tints for paintiag 
the hair. Several gradations may he made from each of thefe, 
by a mixtiire with whking. Roman and brown ochre aUb 
farm an excellent colour, either mixed together, or com* 
ponoded with carmine. Whiting, tinged in feveral degrcea 
ivith cither of thefe, will prove very fenriocable. Commoa 
fca-coal, ground tia a fine powder, and mixed with carmine^ 
forms a very fine brown. 

timber crayons are formed in the fame manner u the 
above | but it is neceiBuy to levigate tbe umber with ^piriia 
of wine* 

Pmrfks are formed by a mixture of blue and red. Good 
purple crayons may be formed with Pruffian blue, ground 
with fpirits, and mixed with pulverized lake. Alio Pruffian 
blue and carmine produce a deep purple of an excellent hue. 
• From either of thefe compounda various tints may be madt> 
by a mixture with whiting. 

J^iack crm^9B% arc formed of lamp black, as no other full 

/Wadt can be ufed with fafety, aU others bciog fubjed to 

sniUew. Butaslampbbck Is liaUe to grpt adtilteratioot 
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loo wet| it muft be laid upon the dialk again, to *ab(brt> 
more of the moifinre. They flioold be rolled as quick as 
poffible ; and when fini(hed, muft be laid upon the chalk 
again to «b(brb ihe remaining moiilure. When all the 
craytxit of one colour are formed, the chalk and grindiog 
iioDe (hottld be well fcraped, and waflied with water, before 
they are ufed for another colour. 

When a fet of crayons is completed, they fliould bd 
ranged in fome thin drawer, divided into a number of par- 
titions, anddifix>fcd according to the fereral gradations of 
light. The bottom of the panitions (hould be covered with 
brao, to preierve the crayons clean, and prevent them from 
breaking. 

The boat in which the crayons are placed for ufe, and 
•which fliould be held in the lap, when the ftudent paints, 
^ihoald te about -t 'foot £|uare, having nine partitions. In 
the upper comer, on the left hand, the black and gray 
vrayons are ufoally placed, as they are the mod feldom nfed; 
in the fecond partition are placed the blues s in the third 
the greens and browns : in the (irft partition, on the left 
hand of the fecond row, the carmine?, lakes, vermilions, and 
all deep reds are depofited ; the yellows and orange are in 
the middle partition ; and in the next are placed the pesriy 
tints, which being of a delicate nature, muft be kept very 
clean, that the difiiereot gradations of colour may be eafily 
diftioguifhed : in the lad rew, the fiifl panition contains a 
piece of linen rag to wipe the crayons with, while they are 
u€ng ; the Second partition holds the pure lake and vermilidta 
tints ; and the lad partition contains all thofe compounded 
tints, which cannot be dafled with any colour. 

Dim&ions for the Artifi. ' 

To arrive at excellence in this art, the dudent fliould be 
aspaitRufair in the outline of -the work, as in the diijpolU 

of 
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wheo the fnbjcA to be tmitatrd, is in oils ; but if it be a 
crayon pi^re, the fbJiowmg method muft be ufed^ oa 
account of the glaft* 

The picture being placed upon the efel, draw all the out- 
lines upon the glafs with a finail cainel*s hair pencil, dipped 
in hike* ground very fine in oils ; then take a ibeet of paper, 
and place it on the glafs, ftfoking over all the lines with the 
hand, by which means the colours will adhere to the paper, 
which is then to be pierced with pin-holes pretty clofe to 
each other in all the outlines. The paper intended for the 
drawing is then to be laid upon the table, and the pierced 
paper to be laid upon it ; theot ^i^^ ^<^^^^ ^^^ powdered 
eharcoalf tied up in a piece of lawo« rub over all the pierced 
outlines, which will give an exaft outline of the piece, upoa 
Che paper under it. This is not to be Inruibed off till the 
whole is drawn over with iketching chalk : which is a com- 
pofitioQ made of whiting and tobacGo*pipe clay, rolled like 
a crayon. 

But when the ftudent punts immediately from lifet it is 
beft to make a corred drawing of the outlines 00 another 
paper, which he may trace by the firft method : for if there 
be any fiUie ftrokes of the iketching chalk, they will prevent 
the crayons from adhering to the paper. 

The fitting pofture is the roofi proper for painting with 
crayons, having the box of crayons in the lap. That part of 
the pidure which the ftudent is at work upon, ihould be 
below his fiice ; for when it is placed too high, it will fatigue 
the arm. The windows of the room, in which the artift 
works, ihould be darkened to the height of fix feet from the 
ground, and the fubjed to be painted ihould be fituated in 
filch a manner, that the light nuiy h\l on the face to the 
greatefl advantage, avoiding too much ibadow, which feldom 
has a good effect in this kind of painting, paiticularly if the 
face have much delicacy. 

In painting, as well as dmwing, the ftudent cannot be 
too attentive (o the fubje^t ; be muft alfo to learn 10 appro- 
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WhaCtTcr oolotir the irii of the eyes is, the eyes mull b» 
firft drawn with a crayoD, inclined to the carmine tint ; the 
colour nnuft be laid in briUiant at firft» and executed lightly, 
not meddling with the pupil yet. The light of the eye 
fluMikl incline vety much to the blue caft ; for if a flaring 
white appearance is once introduced, it can feldom be altered t ' 
1 broad ibadow (hould alio be thro%ni on the upper part by ^ 
the eyelalh. The eirebrows (hould be executed at firft like 
1 broad glowing ihadow, on which is to be painted, in the 
finiihing, the hair of the eyebrows, by which the former 
tints will (hew themfelves through, and produce a plea(ing 
effe£^ ; but a bUck hea^y tint is always to be avoided ki firft 
forming the eyebfx>wt% 

The lipt (hould be begun with pure carmine and lakl|| 
(hading them with carmine and black, and laying on tht 
firong yerroilion tints afterwards* Great caution is necef* 
iary to avoid (Hff, harlh lines : each colour is to be gentljr 
mterroixed with the neighbouring colour ; the (hadow be» 
neath (hould be broad, and enriched with brilliant crayoOf • 
The comer of the mouth is formed with carmine, brown 
ochre, and greens, varionfly intermixed. If the hair be 
dark, it is neceflkry to ule a good quantity of the lake, and 
deep carmine tints theiein, which may be eafily overpowered 
by the warmer hair tints, and which, as in the eyebrows, will 
produce a richer effed when the piece is fini(hed, than if th« 
lake and carmine be neglcAed. 

When the ftudent has dead-coloured the head, he is to 
iweeten the whole together, by rubbing it over with his 
finger, beginning at the ftrongeil light upon die forehead, 
and paffing his finger very lightly to the next tintf to unite 
them together $ which he muft continue to do, till the work 
is fweetened together, frequently wiping his finger on a 
towel, to prevent fullyiiig the colours. In this procefs the • 
fludent mud be careful not to fweeten his pidure too often ; 
as that would produce a thin and fcanty effed, and the piece 
would have mece of the appeanpce of a drawing than a folid 
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the beauty of the face. This is requtfite even in a fimple 
back groond, where there b bnt one objeA in the piece i 
but more attention is required in the back ground of a pic- 
tare which hat feveral objeds, 

A great variety of coloun are ufed for back grounds ; but 
they ihould always be fuited to the complexion of the figure. 
A ihoog coloured head generally (hould have a weak and 
tender tinted ground ; and, on tbr contrary, a delicate com- 
plexion requires firong and powerful tints in the ground, by 
which proper contraft between the figure and the back 
ground, the pidure receives great force. 

But when icveral object are introduced in one piece, at 
hills, treet, buildingt, &c. the general rule to be obferved 
it, that each grand objed be difpofed fo, as to contraft each 
other, not merely in their forms, but in their colour, light, 
ftade, &c Fpr example : fuppofe a figure in the piece, 
ftceiviog the ib-ongeft light, and behind thit figure, and 
near at hand, fuppofe there be fiems of fome large treet : 
tbeie ftcms muft have (hade thrown over them, either from 
a driving cloud, or fome other interpofing objed ; behind 
thefe ilemt or treet, and at a diftance, fuppofe there are feea 
treet on a rifing ground ; thefe again ihould receive the light, 
whereby they will ferve at a contrail to the former ; and the 
iame may be obferved in all other cafet. The fame rule 
hddt good in an archtte^ral back ground ; as, fuppofe a 
building at a naoderate difiance, and behind this buildings 
the figure which reoeivet the light ; a column, or fome other 
objed 10 the ihade, intervenet to preferve proper decorum 
io the piece; or, what will have the fame eSed, a ihadow 
may be thrown over the lower part of the building. In a 
word, it muft be remembered, that the light muil be alwayt 
placed againil the dark, and the weak againft the (hong ; and 
.^M€$virfm^ in order to produce force and effect. 
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lo fiaiOiiog the complexion, the ftudeot (houkl be puw 
ticiilarly attentive to Nature herfelf :. for whoever carefUly 
examines a dear and tranfparent ikiti, will difcover a pleafing 
variety of colours on thefurface, aad diicemibley through 
it, which will be greatly increafed by the efied of light aad ' 
fhade; one pan will appear to incline to die veraiilioa» 
another to the carmine or lake, one to the blue, another to 
the green, and another to the yellow, &c. Now, in ocdcr 
to produce thefe effeds, a good arttil will apply thofe coloqis 
correfpooding to the tints, ufing, as often as he caa, dit 
compounded colours, inftead of the fimple odoors ; as, bliir 
and yellow, inftead of green, blue and carmine, tnfteadof pup- 
ple,and red and yellow for orange. In all other circamftaocet 
the compounded crayons already mixed (hould be ufed ; ImH 
in this cafe no abiblure rule can be given ; the fuocefs of die 
piece depending upon the experience and difccetioo of die 
artift. And,, obferve, that it is impoffible to give any (et of 
rules for forming the complexion^ that will hold in cfcry 
cafej the drcumftances that require diflferent treatments aie 
fo nuuiy and various ; but great advantage will be derived^ 
in the commencement of this art, by an able mailer, to diceft 
the fiudent, and point out the deformities and beauties of a 
piece, as they occur in pradice; which, to a good capacity^ 
will foon become clear and intelligible* 

lu finiihing the cheeks, ufe the pure lake tint, which w9l 
clear them from any duft they may have contrifted firom die 
other crayons, mixing with the hike fome bright vermilion | 
and hiiUy, (if the fubjed require it,) give a few touches of 
die orange crayons, but widi great caution. Thb being 
^lone, fweetea the part with the finger as lighdy as poffible, 
left it produce a heavy diiagreeable cf[c£k on the cheeks ; for 
the only method of imiuting a beautiful complexion, confifb 
in one colour ihewing itfelf through, or rather between, other 
colours. 

The eye is next to be executed. This is generally found 
the ffioft difficult feature in the face^ as every part muft be 
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APPENDIX 



^BGBSAAET BSCBIPT8 FOR tHOSB WHO PAIKT IN 

WATSK COLOURS. 



I 



To mahCfum Water. 

JDlSSOLVE one ounoe- of ^ure ^m-arabic, and half an 
ouoce of douUe«re$acd fugiiv.iii a quart of fpring water: 
firain it through a fine (ieve, or piece of fine muflio, and 
bottle it up for ufe, to keep it fifom the dud. 

Or, fecondly^ take fonne of the wfahed fort of gum-arabic, 
bniife It, and tie it up in a piece of woollen cloth ; and fteep 
it to fpring water till it be diiTolved. If it be too ftiff, add 
more water ; and if it be too thin, more gum. 

W!fh this wnter, moft of the colours are to be mixed ; and 
in fuch a proportion, that the colour may not rub off*, when 
jijr. If the colour ihine, it is a fign there is too much gum 
in the water* 
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water. This will prevent the colours from iinkiog, alio. 
^ive thexB an additioaat beauty aad luftre; and fikcwife 
pteferve them froip fading. If the paper in opt gpod^ it 
^ould be waihed three ar four tunes with (be vatpr^ drying, 
it every time. 



To make Skcefor paitiimg Scenes^ or other Candle-right 

Pieces. 

" Wheo the colours, mixed with gum water, are laid upoti 
aiij fui'fbce, they are apt to produce a glare by caodle-ilight : 
lb prevent which, the colours fliouM be mixed with thcj 
following fize, whiU it is warm : — Steep a quarter of a pound 
of the cuttinga of white leather for fomt time in water ; ok 
for the fp9ce of two or three days : then ta&e them 'out, an(t 
^il theru in three quarts of water, till it ht confumed ta 
due pint, and ftrain it through a cloth. If it fee( firm 
.under your haiul whea it is cold^ it is a fign it is of a fuflS« 
deat ftrength. 



To kuf Mezzotinlo Prints upon Glafs. 

Having a dear plate of glafs, as ftraight as poffible, and 
tf RtHe lari^ 4uri ifie print t5 be laid upon il', h^ the 
pfiiH' ift wtni$ witei' fbf about acr oour, aod wMit a Vtntmi 
noDbie paUct kkiiK, ipiejNi pmh^ Yemee turpentrncv ^ g^'^^ 
viniiii, ^ly tbiidy and erenfy over one (Me of thef ^Msy 
cnMfvfng CO fapep tne gnmi warm, tfiat it ipread tni^ 
better, and raking care that tfarre be n^^ the FeaCfpecir itf 
tfte glafc uncovered with the turpentine; then tdte the p n n lf 
out of the water, and fpread it between two cloths, or te^ 
veral foMf of fbft paper, in order to abibrb tfie fuperfhimi^ 
water. Next lay the print on the glafs by d^gre^, be gin nm l * 
gt one end^ and ftroking outward that part which is fiiftened 
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To get the Colours out of the Bladders. 

Prick a iinall hole near the bottom, and prefs the bla<(der 
until enough ran out for prefent ulie, for if they (hind opei 
they are apt to fpoil. 

With thefe colonrs any tints or (had^ whateve nnay bt 
exactly imitated, by the different ways and methods of mixing 
ii^tmt according to judgment* 



To vfe the ColourSm 

The lighter colours are to be firft laid on the lighter portv 
cf the print, and the darker colours are next laid over the 
Ihaded part, and in the regular order in which the (hadet 
cieepeo ; for whep the brighter colours are once laid oq, it 

9 " 

» not material if the darker coloi^ri be laid ^ little over 
theip ; as the colour firO bid on will always hide thofe laid 
eo afterwards. The colours are not to be laid on too thick : 
und if any of them be too thick in confidence, they ihoald 
be thinned, before they are ufed, with a little oil of tur* 
peotine. 

If any of th^ colours be too ilrong, or dark, they maf 
be lightened to any degree, by mixing more or lefs white 
with them on the pallet ; or if they be too light, they may 
be <larkened to any degree, by mixing them with a deeper 
ihade of the fame colour* 

H^ie* It is neceflary to hare fi pencil for each colour ; but 
that pencil which has been ufed for green fliould never be 
nled for any other colour, without fir^ wa(hing it well with 
oil of turpentine, as green will always appear predominant 
when the colours are dry. And it is alfo necefHiry to walh al 
|bc pedcili in oil of turpezKine after ufing theoi. 
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Tb ntoAe the MqjUe Famijh. 

Put two ounces of the clearell gmn maftic, ikiely pow* 
dered, into a bottle^ with fix ouoces of oil of turpentioe : 
fiop the bottle ctofe, and (hake them well together, in order 
to incorporate them with each other. Then hang the bottle; 
in a veflel of boiling water for half an hour, taking it out 
thi-ee or four times to (hake it. If it be neceflary to mal^ 
the Taroiih fironger, it may hang a quarter of an hour loofcr 
in the boiKng water. 



To mgke Camp Paper ^ with which a Per/on tnajf tm(e 
or drmw^ withmU Pen, Iml^ or PenciL 

Mix Ibme hard ibap with Iamp>black and water, jpto thf 
confiftenct of a jelly ; with this mixture bruih over one fide 
of the paper» and let it dry. When you ufe the paper, put 
it between two flieets of clean paper^ with its black fide 
downwards : then with a pin, a ftick, or any other fubftanof 
with a (harp point, draw, or write upon the clean paper f 
and where the point has touched, there will be the impre^ 
fion upon the lowerrooft (beet of paper, as if it had been 
drawn or written with a pen. 

This camp paper may be made of any other colour, hf 
mixing the foap with difiereot colours* 

By this paper alfo any print or drawing may be exad^ 
copied, by laying it under the (ante, and tracing the out- 
Ones, Uq. 

• 

I 

- J 



t 



J*' 



APPENDIX. 45y 



iTo prepare a Plajler Mould so as to take an Imprejfion 

from it. 

Having prepared a pi after mould, according to the fore* 
going receipt, and letting it be quite dry,. dip it in the fol- 
lowing mixture : half a pint of boiled linfeed oil, and one 
cunce of fpirits oF turpentine ; thefe are to be mixed well 
together in a bottle, and when wanted, the furface of the 
mould is to be dipped into it, and then fuffered to dry. 
When the mould has fucked up the oil on its furface, it is to 
be dipped again in the oil. This operation is to be repeated 
till the mould will imbibe no more oil, and the oil begins to 
ilagnate upoti it ; then, with a little cotton wool, rolled up 
hard^ wipe all the loofe oil off the mould, and put it in a 
dry place for a day or two, to dry, and the mould will acquire 
a very hard furface from the efie6t of the oil. When it it 
to be ufed| it muft be oiled with oil of olives« in the fame 
iDanoer as before directed. By thefe two methods, any medal, 
feal) or itnpreffion, may be fo exadly imitated, that the nevir 
medal can fcarcely be diilioguiflied from the original. 

The Method of cajiing Brimflone, and of giving it a 

metallic Glofs. 

Melt fome (lone brimdone over the fire, in an iron ladlc^ 
and let it flame for about five or fix minutes, then take it off 
the fire, and extinguIQi the flame, by covering the mouth of 
the ladle with n piece of board ; when it is a little cool, fo 
as not to feel gluey, or run ropy, it is then fit for ufc, and 
may be poured into the mould, in which it fliould ftand five 
or fix minutes^ and then be taken off; part it ^$. before, and 
rub the furface of the imprcfiion over with fome cotton, and 
the bed black lead in powder, which will give it a very fine 
metallic glofs. 
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